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1  TITLE 

INTERLABORATORY  STUDY  aLS)  OF  THE  STANDARD  TEST  METHOD  FOR 
MEASURING  THE  NIGHT  VISION  GOGGLE-WEIGHTED  TRANSMISSIVITY 
OF  TRANSPARENT  PARTS 

Committee  F*7  on  Aerospace  and  Aircraft  Enclosures. 

Subcommittee  F-7.08  on  Transparent  Enclosures  and  Materials 
RR:  P94-02;  XXXX 

2.  INTRODUCTION 

There  are  several  ASTM  Standards  that  address  light  transmissivity  through  transparencies  (ASTM 
Standards  F  1316-90D  and  1003-61)  in  the  visible  spectrum  (400  through  700  nm).  However, 
night  vision  goggles  (NVGs)  are  now  being  used  in  aircraft  and  other  applications  (e.g.,  marine 
navigation,  surveillance,  personnel  carriers)  with  increasing  frequency.  These  devices  amplify 
both  visible  and  near-infrared  (NIR)  spectrd  energy.  A  transparency  may  have  excellent  visible 
transmissive  characteristics  but  could  have  poor  NIR  transmissivity.  Overall  visual  performance 
(acuity)  can  be  degraded  if  the  observer  uses  the  NVGs  while  loolmg  through  a  transparency  that 
has  attenuated  transmissivity  in  the  NIR  region  (Pinkus  and  Task,  1997,  see  Appendix  A).  ASTM 
P94-02,  Standard  Test  Method  for  Measuring  Night  Vision  Goggle- Weighted  Transmissivity  of 
Transparent  Materials  (see  draft  in  Appendix  B)  addresses  this  issue.  This  ELS  was  undertaken  in 
order  to  determine  the  precision  of  P94-02.  The  method  describes  both  analytical  and  direct 
measurement  techniques  that  determine  the  NVG-weighted  transmissivity  (T^o)  of  transparent 
pieces  including  ones  that  are  large,  curved,  or  held  at  the  installed  position.  This  ILS  investigated 
just  the  analytical  method  since  only  one  lab  is  presently  capable  of  implementing  the  direct  test 
method.  is  the  integrated  value  (450  through  950  nm)  of  the  spectral  transmissivity  of  a 
transparent  part  weighted  (multiplied)  by  both  the  spectral  sensitivity  of  a  given  set  of  NVGs  and 
the  light  source,  divided  by  the  integrated  value  of  the  NVGs  times  the  light  source.  The  higher  the 
TfiyQ  the  more  compatible  a  transparency  is  with  NVGs,  i.e.,  there  is  more  light  energy  available  to 
be  amplified  by  the  goggles  which  usually  corresponds  to  better  visual  acuity  performance  of  the 
observer  (finer  detail  seen). 

3.  TEST  PROGRAM  INSTRUCTIONS  AND  TEST  METHOD 

The  cover  letter  for  test  instructions  to  participating  labs,  follows. 

SUBJECT:  Interlaboratory  Study  for  ASTM  Standard  P94-02:  Standard  Test  Method  for 
Measuring  Night  Vision  Goggle- Weighted  Transmissivity  of  Transparent  Materials. 

FROM:  AL/CFHV 

2255  H  Street,  Room  300 
Wright-Patterson  AFB  OH  45433-7022 

Dear  Colleague, 

Please  find  enclosed  the  instructions  and  materials  needed  by  you  to  conduct 
spectral  transmissivity  measurements  as  discussed  at  the  April  8A,  1997  ASTM  Task 
Force  committee  meeting  in  St.  Louis.  The  test  has  been  simplified  by  the  elimination 
ofthe  Excel  spread  sheet.  I  am  now  simply  supplying  four  (4)  plastic  samples.  The 
spectral  transmissivity  scan  data  are  then  returned  to  me  for  completion  of  Ae  data 
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analysis  of  which  the  details  are  described  in  the  attached  draft  test  method  [P94-02, 
see  Appendix  B] .  You  may  retain  the  draft  for  your  use  and  records. 

The  data  collection  procedure  is  as  follows: 

(1)  Please  handle  the  samples  carefully  as  to  not  cause  any  (further)  damage. 

(2)  Do  not  clean  them  with  any  solvents.  Use  part  specific,  prescribed  cleaning 
materials  and  methods. 

(3)  Spectral  measurements  are  made  from  450  nanometers  (nm)  through  950  nm  in 
5  nm  incremental  steps,  with  the  arrow  on  top  and  pointed  towards  the 
specrtophotometer’s  sensor. 

(4)  Perform  sample  measurements  sequentially,  i.e.,  measure  #1,  #2,  #3,  #4. 

(5)  Repeat  Step  (4),  five  times,  per  instrument,  yielding  20  sets  of  spectral  data. 
Thus,  the  test  sequence  for  the  samples  is: 

Measure  samples  [#1,  #2,  #3,  #4] 

Repeat  [#1,  #2,  #3,  #4] 

Repeat  [#1,  #2,  #3,  #4] 

Repeat  [#1,  #2,  #3,  #4] 

Repeat  [#1,  #2,  #3,  #4] 

(6)  Repeat  this  process  on  more  than  one  instrument,  if  available  (instruments  are 
statistically  analyzed  as  “labs”  and  I  need  as  many  “labs”  as  possible). 

(7)  Label  each  spectral  printout  with: 

Sample  #  and  repetition  # 

Instrument  make  and  model  # 

Date  and  time  of  the  measurement 

(8)  These  measurements  can  be  made  over  a  period  of  days,  if  desired.  The 
variability  in  the  data  due  to  an  extended  measurement  period  will  more  accurately 
reflect  real-world  conditions  (i.e.,  variability  due  to  temperature,  positioning,  drift, 
etc.). 

(9)  Since  these  test  samples  need  to  be  sent  to  several  labs,  please  complete  all 
measurements  within  two  weeks  of  receipt  and  return  data  and  samples  to  the  address, 
above,  so  I  can  forward  the  samples  to  the  next  company. 


Sincerely, 


Alan  Pinkus,  PhD 
Research  Psychologist 


6  Attachments: 

1.  Cover  Letter 

2.  Plastic  Sample  #1 

3.  Plastic  Sample  #2 

4.  Plastic  Sample  #3 

5.  Plastic  Sample  #4 

6.  Draft  Test  Method  P94-02 
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4.  LIST  OF  PARTICIPATING  LABORATORIES 

There  were  six  labs  (instrument  types). 

Lab  #1:  EG&G  Radoma  GS1252  Spectraphotometer  (15  May  1997) 

Air  Force  Research  Lab/HECV  (formally  Armstrong  Lab/CFHV) 

2255  H  Street,  Room  300 
Wright-Patterson  AFB  OH  45433-7022 
POC:  Alan  Pinkus  (937-255-8767) 

Lab  #2:  Cary  5G  Spectraphotometer  (16  Jun  1997) 

Air  Force  Research  Lab  (formally  Armstrong  Lab/OEO) 

8111  18th  Street 

Brooks  AFB  TX  78235-5215 

POC:  Dennis  Maier  (210  536-3709) 

Lab  #3:  Perkin  Elmer  Lambda  9  Spectraphotometer  (16  Jun  1997) 

Air  Force  Research  Lab  (formally  Armstrong  Lab/OEO) 

8111  18th  Street 

Brooks  AFB  TX  78235-5215 

POC:  Dennis  Maier  (210  536-3709) 

Lab  #4:  Hitachi  U-2000  (2  Jul  1997) 

Polycast,  Inc. 

70  Carlisle  PI 

Stamford  CT  06902 

POC:  Kuang  Tran  (203-327-6010 

Lab  #5:  Model  736  Radiometer  (21  Jul  1997) 

Texstar,  Inc. 

1170  108th  Street 
PO  Box  534036 
Grand  Prairie  TX  75053-4036 
POC:  Lance  Teten  (214-647-1366) 

Lab  #6:  UV/VIS/NIR  (8  Sep  1997) 

Sierracin/Sylmar  Corp. 

12780  San  Fernando  Rd 

SylmarCA  91342 

POC:  John  Raffo  (818-362-671 1) 

5.  DATA  REPORTS 

See  Appendix  C 

6.  STATISTICAL  DATA  SUMMARY 

The  four  test  stimuli  were  2  inch  square  samples  of  transparent  plastic  material:  #1, 0.875  inches 
thick  acrylic,  #2  laminated  (F-1 1 1),  #3  gold-coated  (F-16)  and  #4, 3  mm  acrylic.  Samples  #2  and 
#3  were  cut  from  actual  aircraft  windscreens.  The  main  source  of  error  in  the  test  method  is  due  to 
the  variability  among  spectraradiometric  (spectraphotmetric)  instruments  not  the  calculation. 
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Absolute  radiometric  calibration  of  the  instmment  is  not  essential  since  is  a  ratio.  In  this  ILS, 
the  six  instruments  were  treated  as  labs.  The  samples  were  measured  using  spectraradiometric 
instruments  but  the  actual  calculation  of  (in  accordance  with  test  method  P94-02)  was 
performed  later,  prior  to  data  analysis.  equals  the  integral  with  respect  to  wavelength,  of  the 

transparent  part’s  spectral  transmissivity  times  the  spectral  energy  distribution  of  the  light 
source  [5(Aj]  times  the  NVG  spectral  sensitivity  [G(X)]  divided  by  the  integral  with  respect  to 
wavelen^,  of  the  spectral  energy  distribution  of  the  light  source  times  the  NVG  spectral 
sensitivity.  Since  the  specific  spectral  energy  distribution  of  the  light  source  in  Equation  1  is 
typically  not  known  for  operational  conditions  (it  depends  on  the  spectral  energy  distribution  of  the 
illumination  source  on  the  scene  and  the  spectral  reflectivity  of  the  various  objects  in  the  scene)  the 
NVG-weighted  transmission  coefficient  was  calculated  using  S(X)  =  1  for  all  wavelengths.  This 
simplifies  the  equation  and  typically  does  not  significantly  affect  the  results  for  the  vast  majority  of 
broad-band  reflectance  distributions  normally  encountered.  (Pinkus  and  Task,  1997;  Equation  1  in 
Appendix  A).  Just  the  analytical  method  section  of  P94-02  was  studied  since  only  one  lab  (Air 
Force  Research  LabAVPAFB/HECV,  formally  the  Armstrong  Lab)  has  the  capability  to  perform 
the  other,  direct  method.  An  ILS  for  the  direct  method  may  be  performed  at  a  later  date.  Tables  1 
through  4  summarize  the  ILS  results. 


Tables  1  through  4.  Results  summary  of  four  plastic  samples  (thick  acrylic,  laminated, _gold- 
coated  and  3  mm  acrylic),  measured  by  6  labs  (instruments)  5  times  each:  means  (x), 

standard  deviations  (s),  cell  deviations  (d),  /r  and  k  statistics,  grand  mean  (GM),  repeatability  (SJ, 
standard  deviation  of  cell  averages  (Sx),  as  defined  in  ASTM  Practice  E  691. 


Table  1  _  1.92  1.7S 


#1  (THICK) 

REPS 

LABS 

1 

2 

3 

4 

5 

X 

s 

d 

h 

k 

EG&G 

0.895 

0.888 

0.897 

0.899 

0.877 

0.891 

0.009 

-0.012 

-0.987 

0.846 

IHIH 

CARY5G 

0.904 

0.903 

0.899 

0.904 

0.903 

0.903 

0.002 

-0.072 

0.173 

PERKffiLML9 

0.901 

0.898 

0.894 

0.896 

0.890 

0.896 

0.004 

-0.008 

0.378 

HITU-2000 

0.902 

0.902 

0.902 

0.903 

0.902 

0.902 

0.000 

-0.001 

-0.085 

736  RADIOM, 

0.936 

0.924 

0.926 

0.921 

0.926 

0.927 

0.006 

0.023 

1.897 

0.532 

UVAaS/NIR 

0.902 

0.903 

0.901 

0.904 

0.900 

0.902 

0.001 

-0.001 

-0.119 

0.120 

GM  Sc  S  S. 


|0.903 

0.012 

nmi 

ihth 

95%  = 

iiMijdiJ 

OEza 

r  R 
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Table  2 


#2  (LAM) 

REPS 

LABS 

1 

2 

3 

4 

5 

X 

s 

d 

h 

EG&G 

0.861 

0.859 

0.860 

0.857 

0.005 

0.867 

0.862 

0.864 

0.865 

0.002 

-0.001 

-0.114 

0.202 

■■■bhii 

bh 

PERK/ELM  L9 

0.867 

0.864 

0.858 

-0.006 

HITU-2000 

0.869 

0.868 

0.865 

0.870 

0.858 

0.866 

0.005 

-0.001 

-0.080 

0.462 

736  RADIOM. 

0.897 

0.897 

0.881 

0.888 

0.895 

0.892 

0.007 

0.025 

1.964 

0.646 

UVA^IS/NIR 

0.863 

0.860 

0.862 

-0.006 

-0.514 

0.168 

GM  Sc  S  S. 


0.867 

0.013 

0.011 

0.016 

95%  = 

0.030 1 

0.044 

r  R 


Table  3 


REPS 

LABS 

1 

2 

3 

4 

5 

X 

s 

d 

h 

HH, 

EG&G 

0.533 

0.539 

0.540 

0.541 

0.527 

0.536 

0.006 

liififiltrl 

_ 

CARY5G 

0.547 

0.547 

0.001 

0.003 

0.375 

0.067 

PERK/ELM  L9 

0.541 

0.541 

0.535 

0.535 

0.532 

0.537 

0.004 

-0.762 

0.520 

HITU-2000 

0.541 

0.541 

0.541 

0.543 

0.542 

0.542 

0.001 

-0.002 

736  RADIOM. 

0.561 

0.557 

0.563 

0.550 

0.564 

0.559 

0.006 

0.016 

1.834 

0.777 

uvms/NiR 

0.539 

0.543 

0.541 

0.538 

0.540 

0.540 

-0.402 

0.259 

GM  Sx  S  S. 


; 

o 

0.009 

0.007 

0.011 

95%  = 

0,021 

0.030 

r  R 
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Table  4 


#4  (3mm) 

REPS 

LABS 

1 

2 

3  1 

4 

5 

X 

s 

d 

h 

k 

EG&G 

0.878 

0.877 

0.880 

0.004 

0.002 

0.300 

0.583 

CARY5G 

0.879 

0.881 

0.879 

0.878 

0.877 

0.879 

0.001 

0.001 

0.096 

0.218 

PERiaELML9 

0.878 

0.875 

0.871 

0.873 

0.865 

0.872 

0.005 

-0.869 

0.781 

HITU-2000 

0.881 

0.876 

0.002 

0.001 

0.181 

0.313 

■mi 

IHi 

736  RADIOM. 

0.897 

0.884 

0.891 

0.879 

0.890 

0.888 

0.007 

0.010 

1.573 

1.133 

UVmS/NIR 

0.869 

0.872 

0.870 

0.869 

0.870 

0.870 

0.001 

-0.008 

-1.280 

0.209 

GM  Sc  S.  S. 


0.878 

0.006 

0.006 

0.008 

95%  = 

0.017 

0.023 

r  R 


The  critical  values  of  the  h  and  k  statistics,  used  to  determine  outliers  (ASTM  Practice  E  691, 
Table  12,  p.  14,  where  p  =  6  and  n  =  5),  are  1.92  and  1.75,  respectively.  Only  one  lab  (Table  2, 
sample  #2, 736  Radiometer)  exceeded  the  critical  h  (bolded)  at  1.964.  The  data  were  reexamined 
for  typographical  errors  but  none  were  found.  The  prescribed  method  was  followed  so  the  data 
were  retained  for  final  analysis.  Table  5  summarizes  the  repeatability  (5J  and  reproducibility  (SJ 
values  and  Table  6  summarizes  the  95%  repeatability  (r)  limits  and  the  95%  reproducibility  (R) 
limits  for  the  individual  samples  as  well  as  the  means. 


Table  5.  Repeatability  (SJ  and  reproducibility  values  in  derived  firom  the  data 

sets  in  Appendix  C. 


SAMPLE  #1 
SAMPLE  #2 


REPEATABILITY  (S^ 
WITHIN  LABS 

_ 0.011 _ 

0.011 _ 


REPRODUCIBILITY  (S^ 
BETWEEN  LABS 

_ 0.015 _ 

_ 0.016 _ 


Table  6.  95%  repeatability  (r)  limits  and  95%  reproducibility  (R)  limits  in  '^NVG' 


95%  r  LIMITS 
WITHIN  LABS 

95%  R  LIMITS 
BETWEEN  LABS 

SAMPLE  #1 

0,030 

0.043 

SAMPLE  #2 

0.030 

0.044 

SAMPLE  #3 

0.021 

0.030 

SAMPLE  #4 

0.017 

0.023 

MEAN 

0.025 

0.035 

ranged  from  0.006  to  0.01 1 
Sg  ranged  from  0.008  to  0.016  Tf^g 

r  ranged  from  0.017  to  0.030  Tj^g 
R  ranged  from  0.023  to  0.044  Tj^g 

Since  the  accuracy  of  the  measurements  should  not  and  did  not  depend  upon  the  type  of  the 
transparent  material,  it  is  logical  to  calculate  a  mean  of  the  4  sample  sizes  to  derive  the 

composite  precision  values  indicative  of  this  method. 

The  composite  (mean)  repeatability  (S^)  and  reproducibility  (S^)  values: 

Mean  =  0.009 
Mean  =  0.013 

The  composite  (mean)  95%  limits  for  repeatability  (r)  and  95%  limits  for  reproducibility  (R) 
values: 

Mean  r  =  0.025 
Mean  R  =  0.035  Tf^yg 

Note:  The  95%  limits  were  calculated  using  the  formulae,  below.  Since  the  95%  limits  are  based 
on  the  difference  between  two  test  results,  the  factor  was  incorporated  into  the  calculation 
(ASTM  Practice  E  177;  27.3.3). 

r  =  95%  repeatability  limit  (within  laboratories) 

=  repeatability  standard  deviation 

r  =  L960*y/2*S, 

R  =  95%  reproducibility  limit  (between  laboratories) 

=  reproducibility  standard  deviation 

R  =  L960*^*Sj, 
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7.  RESEARCH  REPORT  SUMMARY 

Precision:  An  interlaboratory  study  was  conducted  to  determine  the  precision  of  ASTM  P94-02 
(draft),  Standard  Test  Method  for  Measuring  Night  Vision  Goggle-Weighted  Transmissivity  of 
Transparent  Materials.  Six  labs  (instruments)  were  used  to  measure  four  plastic  samples,  five 
times  each.  Statistical  analysis  (ASTM  Standard  Practices  E  691  and  E  177)  revealed  that  the 
method’s  mean  repeatability  (S,)  was  0.009  the  mean  reproducibility  (SJ  was  0.013 

Th®  repeatability  (r)  was  0.025  and  the  mean  95%  limits  for 

reproducibility  (R)  was  0.035 

Bias:  The  procedure  in  this  test  method  has  no  bias  because  the  NVG-weighted  transmissivity  is 
defined  only  in  terms  of  the  test  method. 
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ABSTRACT 

Night  vision  goggles  (NVGs)  are  currently 
used  in  a  wide  variety  of  military  aircraft  that 
were  not  originally  designed  for  NVGs. 
Likewise,  the  windscreens  and  canopies  on 
these  aircraft  were  not  designed  with  NVGs 
in  mind.  Present  day  windscreens  and 
canopies  typically  have  one  or  more 
specialized  coatings  applied  to  them.  These 
may  be  reasonably  transparent  for  visible 
wavelengths  but  not  so  transparent  for  near 
infrared  light  to  which  the  NVGs  are 
sensitive.  It  was  hypothesized  that  the  major 
mechanism  by  which  aircraft  transparencies 
affect  the  operation  of  NVGs  is  through 
reduced  light  levels.  This  would  mean  that 
the  key  characteristic  of  interest  for 
determining  the  effect  of  an  aircraft 
transparency  on  the  operation  of  the  NVGs 
would  be  its  transmission  coefficient 
calculated  using  the  spectral  sensitivity  of  the 
NVGs.  This  hypothesis  was  tested  by 
investigating  visual  acuity  performance  of 
trained  observers  viewing  through  NVGs  for 
three  levels  of  ambient  illumination  (1,  2  and 


5  times  starlight)  and  three  levels  of  NVG- 
weighted  windscreen  transmissivities  (58, 
76  and  100%).  In  addition,  two  levels  of 
contrast  were  included  in  the  study  (20  and 
70%  modulation  contrast).  Three  trained 
observers  determined  the  orientation  of  a 
Landolt  C  using  a  two-alternative,  forced- 
choice  step  paradigm.  A  luminance-based 
model  was  developed  to  smoothly  combine 
the  effects  of  illumination  level  and 
transmission  level  for  each  contrast  thus 
supporting  the  hypothesis.  In  addition,  the 
results  demonstrate  the  significant  difference 
between  individual  observer ’s  performance 
level  arui  the  increased  difficulty  (higher 
variability)  of  performance  at  lower  contrast 
levels. 


INTRODUCTION  AND  BACKGROUND 

Night  vision  gogglesprovide  observers  with 
the  ability  to  see  very  dimly  illuminated 
nighttime  scenes  by  amplifying  ambient  light 
from  the  red  and  near  infrared  spectral 
energy  region  (600  through  950  run;  see  Fig. 
1).  Anything  that  reduces  the  light  level 
getting  to  the  NVGs  will  tend  to  reduce  the 
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output  luminance  while  at  the  same  time 
decreasing  the  signal-to-noise  ratio.  This,  in 
turn,  tends  to  reduce  the  visual  acuity  of 
observers  using  the  NVGs.  These  effects  are 
most  apparent  at  very  low  ambient  light 
levels  such  as  starlight  illumination 
conditions.  The  basic  hypothesis  of  this 
study  is  that  it  should  not  matter  whether 
the  light  level  is  reduced  by  lowering  the 
illumination  level  on  the  target  area  or  by 
attenuating  the  light  level  getting  to  the 
NVGs  by  viewing  through  a  transparency. 
This  leads  to  the  concept  of  equivalent 
illumination.  For  purposes  of  this  study, 
equivalent  illumination  is  the  product  of  the 


actual  illumination  level  and  the  transmission 
coefficient  of  the  transparency  through 
which  one  is  viewing.  As  a  specific  example, 
the  equivalent  illumination  for  2  times 
starlight  actual  illumination  viewing  through 
a  50%  transmitting  windscreen  would  be  1.0 
starlight  (2  times  0.5).  This  is  the  same 
equivalent  illumination  obtained  for  an  actual 
illumination  of  1  times  starlight  viewing 
through  the  NVGs  with  no  intervening 
transparency  (1  times  1.0).  If  the 
hypothesis  is  correct  one  would  expect  the 
visual  acuity  for  these  two  conditions  to  be 
essentially  the  same  (within  the  variability 
expected  for  human  observations). 


Figure  1.  The  relative  value  ofa  third-generation  NVG,  a  gold-coated  transparent  sample  (34  deg 
tilt)  and  its  corresponding  NVG-weighted  spectral  transmissivity  plotted  as  a  function  of 
wavelength. 
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In  order  to  determine  how  much  an  aircraft 
windscreen  or  canopy  will  reduce  the  light 
level  by,  it  is  necessary  to  measure  or 
calculate  the  NVG-weighted  transmission 
coefficient  This  is  done  by  using  the 

spectral  sensitivity  of  a  given  NVG*’^’^. 
Equation  1  describes  the  calculation  for 
NVG-weighted  transmissivity.  Tf^vo  equals 
the  integral  with  respect  to  wavelength,  of 
the  transparent  part’s  spectral 
transmissivity  \P(^)]  times  the  spectral 
energy  distribution  of  the  light  source  [S(X)] 
times  the  NVG  spectral  sensitivity  [G(X)] 
divided  by  the  integral  with  respect  to 
wavelength,  of  the  spectral  energy 
distribution  of  the  light  source  times  the 
NVG  spectral  sensitivity.  Since  the  specific 
spectral  energy  distribution  of  the  light 
source  in  Equation  1  is  typically  not  known 
for  operational  conditions  (it  depends  on  the 
spectral  energy  distribution  of  the 
illumination  source  on  the  scene  and  the 
spectral  reflectivity  of  the  various  objects  in 
the  scene)  the  NVG-weighted  transmission 
coefficient  was  calculated  using  S(^)  =  1  for 
all  wavelengths.  This  simplifies  the  equation 
and  typically  does  not  significantly  affect 
the  results  for  the  vast  majority  of  broad¬ 
band  reflectance  distributions  normally 
encountered.  Figure  1  shows  the  spectral 
transmissivity  curve  for  one  of  the  gold- 
coated  samples  used  in  this  study.  The 
third-generation  NVG  sensitivity  curve  is 
plotted  for  reference. 


950nm 

J  P(A)5(A)G(A)i/A 

rp  _  450 nm _  /l\ 

^NVG  950nm 

jS(X)G(X)dX 

450nm 

where: 

Tnvg  =  NVG-weighted  transmissivity 
P(^,)  =  spectraradiometric  scan 

through  the  transparent  part 
S(X)  =  spectral  energy  distribution 
of  the  light  source  (equal  to  1 
for  our  calculations) 

G(X)  =  spectral  sensitivity  of  the 
nightvisiongoggle 

Undocumented  reports  from  some  aircrew  in 
different  aircraft  indicated  that  some 
transparencies,  such  as  gold-coated  F-16 
canopies,  may  cause  a  reduction  in  NVG 
visual  acuity  compared  to  uncoated 
transparencies.  Investigation  into  the  NVG- 
weighted  transmission  level  of  currently 
fielded  F-16  canopies  revealed  that  there  are 
at  least  three  different  gold  coatings  and  two 
different  indium-tin-oxide  coatings  in  use.  It 
was  therefore  the  objective  of  this  study  to 
investigate  the  effect  of  coated  transparent 
parts  that  included  the  full  range  of  NVG- 
weighted  transmission  coefficients  that 
might  be  found  in  the  field.  Since  we  could 
not  obtain  samples  of  all  of  the  different 
types  of  coated  windscreens  it  was  decided 
to  use  what  samples  we  did  have  in  such  a 
way  as  to  provide  a  fairly  wide  range  of 
transmissivities.  Two  gold-coated  sections 
of  transparencies  were  available:  one  with  a 
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fairly  light  coating  and  one  with  a  relatively 
heavy  coating.  In  order  to  expand  the  range 
even  further,  viewing  through  the  heavily- 
coated  sample  was  done  at  a  tilted  angle 
which  made  the  transmission  coefficient 
even  smaller. 

METHOD 

Participants 

The  three  participants  in  this  study  were  not 
naive  subjects  in  the  traditional  sense  but 
highly  trained  psychophysical  observers, 
two  males  and  one  female,  ranging  in  ages 
from  35  to  46  years. 

Apparatus  and  Stimuli 
The  tests  utilized  a  new  set  of  ITT  Model 
F4949D  (serial  #3873)  NVGs^  that  had  P-43 
phosphor  image  intensifier  tubes  and  a 
measured  gain^  of  about  6000.  With  the 
room  lights  off  and  the  NVGs  on,  the 
observer  first  adjusted  the  interpupilary 
distance  of  the  goggles.  Then  they  adjusted 
the  eyepiece  lenses  by  looking  at  the  dark 
ceiling  with  the  goggles  and  focusing  luitil  the 
scintillation  looked  sharp.  Objective  lenses 
were  focused  by  viewing  a  one-half  moon 
illuminated,  NVG  resolution  chart  composed 
of  square- wave  gratings^. 

All  observations  were  made  in  a  lighttight 
room.  The  observer  sat  in  a  chair  behind  a 
table  with  their  eyes  9.14  m  (30  ft)  from  the 
stimulus  easel.  On  the  table  was  a  fixture 
that  held  an  aircraft  transparency  sample  and 
a  foam  board  visual  field  mask  which  had  a 
15  cm  high  by  18  cm  wide  (6  by  7  in.) 


aperture.  The  observer  held  the  NVGs  but 
could  rest  his  or  her  elbows  on  the  table 
while  looking  through  the  hole  and 
transparency  at  the  stimulus.  The  goggles 
were  powered  using  a  regulated  external 
power  supply. 

The  stimuli  were  Landolt  C’s^  printed  using 
a  high  resolution  photo-grade  laser  printer. 
All  of  the  C’s  (in  each  set)  were 
consecutively  numbered  1  through  n  for  ease 
of  use  with  the  computer  program  (see 
Procedure  section)  during  the  study.  After 
the  study,  the  observers’  data  were 
converted  to  Snellen  equivalents.  The  high 
contrast  (70%  Michelson)  set  consisted  of 
69  C’s  ranging  from  20/19.1  to  20/200.5 
Snellen  acuity  for  the  9.14  m  viewing 
distance.  C’s  1  through  48  increased  by 
about  2  minutes-of-arc  (MO A)  per  step  and 
C’s  49  through  69  increased  in  about  2  to  4 
MOA  steps  in  order  to  insure  a  high  upper 
range.  The  low  contrast  (20%  Michelson) 
set  consisted  of  107  C’s  ranging  from 
20/19.1  to  20/236.8  Snellen  acuity.  For  this 
set,  C’s  1  through  92  increased  by  about  2 
MOA  per  step  and  C’s  93  through  107 
increased  in  about  2  to  4  MOA  steps.  The 
first  stimulus  presentation,  as  determined  by 
the  program,  was  always  from  the  center  of 
the  set’s  range  and  all  subsequent  thresholds 
were  found  to  be  below  this  value. 

The  C’s  were  mounted  on  18  x  18  cm  (7x7 
in.)  foam  board.  The  letter  £ind  background 
were  different  gray  levels,  varied  to  achieve 
the  two  desired  contrasts  but  maintain  the 
same  average  reflectance.  For  presentation. 
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the  C  was  placed  onto  a  larger  surround 
board  61  x  61  cm  (24  x  24  in.)  that  matched 
either  the  high  or  low  contrast  Landolt  C 
background  reflectance  as  appropriate.  The 
background  board  was  held  on  an  easel  and 
had  a  small  ledge  that  held  the  letter  C  in  the 
center.  The  ledge  was  invisible  when  viewed 
through  NVGs.  The  C  was  then  easily 
placed  onto  the  ledge  with  the  gap  oriented 
either  up  or  down. 

The  experimenter’s  station  was  to  the  side 
of  the  stimulus  easel.  The  computer’s 
electroluminescent,  backlighted  liquid-crystal 
display  was  filtered  and  shrouded  to 
eliminate  any  stray  light  from  falling  on  the 
target  pattern. 

Three,  precalibrated,  2856K  incandescent 
lamps*  were  used  to  easily  change  to  the 
different  illiunination  levels.  Apertures 
varied  their  intensity  without  affecting  the 
color  temperature.  Illumination  levels  used 
were:  lxstarlight=3.4xl0’^lx  (3.2xl0‘®  fc)^; 
2x  starlight  =  6.7x10"^  lx  (6.2x10"^  fc);  5x 
starlight  =  1 .8x10'*  lx  (1 .7x10^  fc).  A  fourth 
lamp,  set  to  about  one-half  moon 
illumination  1.3x10"*  lx  (1.2x10"^  fc)  was 
used  to  illuminate  an  NVG  resolution  target® 
during  pretest  goggle  focusing. 

Three  transmission  conditions  were  included 
in  this  study:  a  tilted  heavily  gold-coated 


sample,  a  non-tilted  lightly  coated  sample, 
and  no  intervening  transparency  (100% 
transmission,  hereafter  termed  baseline  or 
high  Tnvg).  The  7Vfg  for  the  heavily  gold- 
coated  sample  tilted  to  a  34  deg  orientation 
was  58%  (hereafter  termed  low  TVfg)-  The 
untilted  (normal)  lightly  gold-coated  sample 
had  76%  transmissivity  (hereafter  termed 
medium  rjVFo)*  This  study  used  three 
different  combinations  of  stimulus 
illumination,  with  three  different  levels  of 
Two  coefficient  to  achieve  nine  total  levels 
of  equivalent  illinnination.  Table  1 
summarizes  the  nine  equivalent  illumination 
levels  derived  from  the  different  illumination 
and  Tnvg  coefficient  combinations. 

Testing  was  conducted  within  randomized 
blocks  of  the  lighting  conditions  because  the 
observer  had  to  adapt  to  that  level  before  the 
test.  First,  an  illumination  source  was 
randomly  selected.  Within  that  lighting 
level,  the  observer  was  tested  with  a 
randomized  order  of  stimulus  contrasts  and 
transparency  samples.  Two  levels  of 
contrast  (20  and  70%),  three  levels  of 
illumination  and  three  levels  of  TVro  yielded 
nine  experimental  conditions  for  high 
contrast  letters  and  nine  experimental 
conditions  for  low  contrast.  The  visual 
acuity  through  the  NVGs  for  trained 
observers  was  measured  as  a  function  of 
these  nine  equivalent  illumination  levels. 
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Table  1 .  The  nine  different  equivalent  illumination  levels  produced  by  all  combinations  of  the 
three  levels  of  stimulus  illmnination  and  three  levels  of  transparency  T^vg  coefficients. 


MULTIPLES  OF 
STARLIGHT 

LOW  Tnvg  coefficient 
Tsvg  ~  58% 

MEDIUM  Tsvg  coefficient 
TfiVG^  76% 

HIGH  Tnvg  coefficient 
Tnvg  —  100  % 

lx 

0.58 

0,16 

1 

2x 

1.16 

1.52 

2 

5x 

2.9 

3.8 

5 

Procedure 

A  portable  computer  executed  a  two- 
alternative,  forced-choice  Step  Program 
adapted  from  Simpson*®.  The  experimenter 
started  the  Step  Program  which  asked  for  the 
initial  setup  parameters:  Landolt  C  upper 
and  lower  stimulus  identification  numbers  (1 
through  69  for  high  contrast  or  1  through 
107  for  low  contrast),  confidence  level 
(95%),  number  to  criterion  (5),  maximum 
total  number  of  trials  (50)  and  a  data  file 
name.  Using  a  conservative  95%  confidence 
level  caused  the  program  to  require  a  few 
more  trials  before  converging  to  threshold. 

The  proper  stimulus  surround  was  placed 
onto  the  easel,  a  lx,  2x  or  5x  starlight  lamp 
was  energized  and  the  transparency  sample 
placed  into  the  fixture.  The  observer  then 
partially  dark  adapted  to  the  goggle  output 
luminance  for  about  10  minutes.  The  Step 
Program  instructed  the  experimenter  to  place 
a  given  numbered  (size)  Landolt  C  in  an  up 
or  down,  randomized  position.  The 
stimulus  was  blocked  from  the  observer’s 
view  by  the  experimenter  during  placement 
onto  the  easel.  The  experimenter  asked  the 
observer  if  he  or  she  was  ready,  imblocked 
the  stimulus  for  about  4  seconds,  then 


blocked  it  again.  The  observer  had  to 
respond  either  “up”  or  “down”.  No 
feedback  was  ever  given  to  the  observer. 
The  experimenter  then  removed  the  stimulus 
and  entered  the  observer’s  response  into  the 
Step  Program.  Based  on  the  response,  the 
Step  Program  determined  the  next  stimulus 
size  and  randomized  its  orientation.  The 
procedure  was  repeated  until  criterion  was 
reached  or  the  maximum  number  of  trials 
were  met.  All  observers  converged  before 
reaching  the  maximum  number  of  trials.  This 
procedure  averaged  about  10  minutes  per 
experimental  condition  with  five  minute 
rests  after  each  condition  and  additional  rest 
after  completion  of  each  lighting  condition. 

RESULTS 

The  study  presented  a  total  of  1015  stimuli 
to  the  three  observers.  Threshold  criterion 
(5  correct  responses  at  smallest,  reliably 
seen  gap  size)  was  reached  in  19  trials  on  the 
average,  10  being  the  fastest  and  38  the 
slowest  (see  Fig.  2  for  an  example).  Snellen 
acuity,  which  served  as  the  dependent 
variable,  was  calculated  from  the  viewing 
distance  and  the  gap  size  of  the  Landolt  C 
with  the  standard  conversion  that  20/20 
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Snellen  acuity  corresponds  to  a  gap  size  of 
one  minute  of  arc.  Table  2  is  a  summary  of 
the  results  for  the  high  contrast  Landolt  C 
condition  listing  the  Snellen  acuity  for  each 
illumination/transparency  combination  for 
each  trained  observer  and  the  average  across 
observers.  The  equivalent  illumination 
column  is  the  fraction  of  starlight  that  was 


available  to  illuminate  the  target  pattern  after 
accormting  for  the  transmission  coefficient  of 
the  transparency.  This  value  was  calculated 
by  multiplying  the  illumination  level  (1, 2,  or 
5  times  starlight)  by  the  transmission 
coefficient  (0.58,  0.76,  or  1.00)  for  each 
condition.  Table  3  is  a  summary  of  the 
results  for  the  low  contrast  condition. 


Figure  2.  Typical  Landolt  C  presentation  sequences  using  the  computer-based  Step  Program. 


Table  2.  Summary  of  high  contrast  (70%)  stimuli  data.  All  data  are  Snellen  acuities  (20/xx). 


■  1 R  M  1  N  (tlk'M 

Tnvg 

EQUIV 

OBSERVER 

OBSERVER 

OBSERVER 

MEAN 

COEFFICIENT 

ILLUM 

1 

2 

3 

lx 

LOW 

0.58 

66.8 

63.0 

61.1 

63.6 

lx 

MEDIUM 

0.76 

61.1 

59.2 

49.7 

56.7 

lx 

HIGH 

1 

53.5 

51.6 

47.7 

50.9 

2x 

LOW 

1.16 

51.6 

57.3 

47.7 

52.2 

2x 

MEDIUM 

1.52 

49.7 

47.7 

43.9 

47.1 

2x 

HIGH 

2 

45.8 

43.9 

36.3 

42.0 

5x 

LOW 

2.9 

36.3 

40.1 

36.3 

37.6 

5x 

MEDIUM 

3.8 

36.3 

32.5 

34.4 

34.4 

5x 

HIGH 

5 

36.3 

32.5 

34.4 

34.4 
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Table  3.  Summary  of  low  contrast  (20%)  stimuli  data.  All  data  are  Snellen  acuities  (20/xx). 


ILLUMINATION 
fX  STARLIGHT) 

Tnvg 

COEFFICIENT 

EQUIV 

ILLUM 

OBSERVER 

1 

OBSERVER 

2 

OBSERVER 

3 

MEAN 

lx 

LOW 

0.58 

114.6 

103.1 

149.0 

122.2 

lx 

MEDIUM 

0.76 

128.0 

105.0 

126.1 

119.7 

lx 

HIGH 

1 

108.9 

99.3 

107.0 

105.1 

2x 

LOW 

1.16 

114.6 

84.0 

122.2 

106.9 

2x 

MEDIUM 

1.52 

112.7 

108.9 

82.1 

101.2 

2x 

HIGH 

2 

105.0 

99.3 

70.7 

91.7 

5x 

LOW 

2.9 

101.2 

93.6 

74.5 

89.8 

5x 

MEDIUM 

3.8 

68.8 

87.9 

68.8 

75.2 

5x 

HIGH 

5 

47.7 

74.5 

61.1 

61.1 

DISCUSSION 

Although  none  of  the  combination  of 
conditions  (illumination  and  transmission 
coefficient)  permitted  a  direct  test  of  the 
equivalent  illumination  hypothesis,  it  was 
possible  to  graph  the  Snellen  acuity  results 
against  the  equivalent  illumination  to  see  if  it 
would  produce  a  reasonably  smooth, 
monotonically  decreasing  curve.  This  is  the 
type  of  curve  that  would  be  expected  since, 
in  general,  visual  acuity  improves  (Snellen 
acuity  value  is  smaller)  as  light  level  to  the 
eye  increases”.  Figures  3  and  4  show  these 
graphs  for  the  high  contrast  and  low  contrast 
conditions,  respectively. 

The  graphs  of  Figures  3  and  4  include  all  of 
the  individual  observer  data  in  addition  to  a 
dashed  line  that  corresponds  to  the  average 
for  the  three  observers  for  each  equivalent 
illumination  condition.  The  high  contrast 
graph  of  Figure  3  demonstrates  a  very  clear 
pattern,  although  it  is  apparent  that  there  is 
a  certain  amoimt  of  observer  variability  and 
differences  between  observers.  Based  on 


visual  inspection  of  the  graph  in  Figure  3,  a 
curve  fit  was  applied  using  a  simple 
reciprocal  model.  The  general  form  of  the 
model  equation  was: 


where: 

S  =  Snellen  acuity  (20/xx) 

K  =  constant  (empirically  determined 
by  least  squares  fit) 

M=  proportionality  constant 
(empirically  determined) 

E  =  equivalentillumination 

Table  4  is  a  summary  of  the  model  fit 
(Equation  2)  for  both  the  high  contrast  and 
low  contrast  Landolt  C.  The  model  is 
shown  in  Figures  3  and  4  as  a  solid  line.  The 
model  fits  reasonably  well  for  the  high 
contrast  condition  (r  =  0.981)  and  not  too 
badly  for  the  low  contrast  condition  (r  = 
0.912)  given  that  human  observations  are 
involved.  It  should  be  noted  that  this  fit  was 
done  for  a  relatively  small  range  of 
illuminations  (0.58  to  5.0  times  starlight)  and 
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Figure  3.  Plot  of  Snellen  acuity  as  a  function  of  starlight  illumination  for  high  contrast  Landolt  C 
stimuli  (data  from  Table  2). 


Figure  4.  Plot  of  Snellen  acuity  as  a  function  of  starlight  illumination  for  low  contrast  Landolt  C 
stimuli  (data  from  Table  3). 
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is  therefore  only  valid  for  this  range.  It  is  possible  the  basic  model  (Equation  2)  may  still 
hold  up  for  a  greater  range  of  illuminations  but  that  has  not  yet  been  tested. 


Table  4.  Summary  of  model  fit  to  data. 


CONDITION 

K 

M 

CORK  (r) 

70%  CONTRAST 

31.6 

19.6 

0.981 

20%  CONTRAST 

70.0 

35.3 

0.912 

The  results  shown  in  Figures  3  and  4  and  the  correlations  in  Table  4  support  the  validity 
of  the  hypothesis  regarding  using  equivalent  illumination  and  the  T^vg  as  a  means  of 
assessing  the  quality  of  aircraft  transparencies  with  respect  to  NVGs.  It  is  possible  to 
use  Equation  2  with  the  appropriate  coefficients  from  Table  4  to  reasonably  predict  the 
impact  on  visual  acuity  of  a  specific  windscreen  or  canopy  if  its  Tfivc  value  is  known. 

There  is,  however,  an  implicit  assumption  that  must  be  addressed  before  applying  the 
model  presented  herein.  These  results  and  the  model  presented  assumes  the  transparency 
has  a  very  low  haze  value^^.  Haze  is  a  phenomenon  caused  by  light  scattering  from 
materials  within  the  transparency  or  firom  micro-scratches  on  the  surface  of  the 
transparency  (usually  due  to  repeated  cleaning).  The  effect  of  haze  is  to  lower  the 
contrast  of  objects  viewed  through  the  transparency  which,  in  turn,  would  reduce  visual 
performance  (Snellen  acuity).  The  implicit  assumption  was  that  the  transparencies 
employed  in  this  study  had  very  little  or  no  haze.  The  two  transparencies  used  in  this 
study  were  measured*^  and  were  found  to  have  fairly  low  values  of  haze;  1 .7%  for  the 
medium  transmission  and  2.4%  for  the  low  transmission  transparency  samples.  If  haze  is 
present,  then  the  model  needs  to  be  modified  to  include  the  loss  in  visual  acuity  due  to 
contrast  reduction.  If  haze  is  not  present,  then  the  contrast  of  objects  viewed  fiirough  a 
transparency  remains  the  same  no  matter  what  the  transmission  coefficient  is;  only  the 
apparent  luminance  of  the  object  is  affected.  Future  work  in  this  area  will  address  the 
haze  issue. 
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APPENDIX  B.  P94-02  Test  Method 


REVISED  DRAFT  (Dec  16,  97) 

P94-02  Standard  Test  Method  for  Measuring  the  Night  Vision  Goggle- 
Weighted  Transmissivity  of  Transparent  Parts^ 


INTRODUCTION 

Test  Methods  D  1003-61  and  F  1316-90  (see  Refs.  2.1.1  and  2.1.2) 
apply  to  the  transmissivity  measurement  of  transparent  materials,  the  former 
hieing  for  small  flat  samples  and  the  later  for  larger,  curved  pieces  such  as 
aircraft  transparencies.  Additionally,  in  D  1003-61,  the  transmissivity  is 
measured  perpendicular  to  the  surface  of  test  sample  and  both  test  methods 
measure  only  in  the  visible  light  spectral  region.  Night  vision  goggles 
(NVGs)  are  being  used  in  aircraft  and  other  applications  (e.g.,  marine 
navigation,  driving)  with  increasing  frequency.  These  devices  amplify  both 
visible  and  near-i^ared  (NIR)  spectral  energy.  Overall  visual  performance 
can  be  degraded  if  the  observer  uses  the  NVGs  while  looking  through  a 
transparency  that  has  poor  transmissivity  in  the  NIR  region.  This  method 
describes  both  direct  and  analytical  measurement  techniques  that  determine 
the  NVG-weighted  transmissivity  of  transparent  pieces  including  ones  that 
are  large,  curved,  or  held  at  the  installed  position. 

1.  Scope 

1.1  This  test  method  describes  apparatuses  and  procedures  that  are  suitable  for 
measuring  the  NVG-weighted  transmissivity  of  transparent  parts  including  those  which  are 
large,  thick,  curved,  or  akeady  installed.  This  test  method  is  sensitive  to  transparencies 
that  vary  in  transmissivity  as  a  function  of  wavelength. 

1.2  Since  the  transmissivity  (or  transmission  coefficient)  is  a  ratio  of  two  radiance 
values,  it  has  no  units.  The  units  of  radiance  recorded  in  the  intermediate  steps  of  this  test 
method  are  not  critical;  any  recognized  units  of  radiance  (e.g.,  watts/m^-str)  may  be  used, 
as  long  as  it  is  consistent  (see  Ref.  2.2.1). 

1.3  This  standard  does  not  purport  to  address  the  safety  problems  associated  with 
its  use.  It  is  the  responsibility  of  the  user  of  this  standard  to  establish  appropriate  safety 
and  health  practices  and  determine  the  applicability  of  regulatory  limitations  prior  to  use. 

2.  Referenced  Documents 

2.1  ASTM  Standards: 

2.1.1  D  1003-61  Standard  Test  Method  for  Haze  and  Luminous  Transmittance  of 
Treinsparent  Parts.  Annual  Book  of  ASTM  Standards,  Vol.  15.09.  Sep  1961. 

2.1.2  F  1316-90  Standard  Test  Method  for  Measuring  the  Transmissivity  of 
Transparent  Parts.  Annual  Book  of  ASTM  Standards,  Vol.  08.01.  Mar  1991. 

2.2  Published  Documents: 


^  This  test  method  is  under  the  jurisdiction  of  ASTM  Committee  F-7  on  Aerospace  and  Aircraft  and  is  the 
direct  responsibility  of  Subcommittee  F07.08  on  Transparent  Enclosures  and  Materials. 
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2.2.1  RCA  Electro-Optics  Handbook.  (1914).  Lanchaster  PA:  RCAISolid  State 
DivisionlElectro  Optics  and  Devices.  Technical  Series  EOH-1 1. 

2.2.2  Wyszecki,  Gunter,  and  Stiles,  W.  S.  (1982).  Color  Science:  Concepts  and 
Methods,  Quantitative  Data  and  Formulae  (Second  Edition).  New  York:  John  Wiley  and 
Sons. 

3.  Terminology 

3.1  Definitions: 

3.1.1  Analytical  test  method  -  the  test  method  that  uses  spectral  transmissivity  data 
of  a  transparent  part  collected  by  the  use  of  either  spectraphotometric  or  spectraradiometric 
instrumentation.  The  data  are  then  examined  using  analytic  methods  to  determine  the 
NVG-weighted  transmissivity  of  the  part . 

3.1.2  Direct  test  method  -  the  test  method  that  uses  the  actual  luminous  output,  as 
measured  by  a  photometer,  properly  coupled  to  the  eyepiece  of  the  test  NVG.  The  NVG- 
weighted  transmissivity  of  the  part  is  then  determined  by  forming  the  ratio  of  the  NVG 
output  luminance  with  the  transparent  part  in  place  to  the  luminance  output  without  the  part. 

3.1.3.  NVG-weighted  spectral  transmissivity  -  the  spectral  transmissivity  of  a 
transparent  part  multiplied  by  the  spectral  sensitivity  of  a  given  NVG  (see  Fig.  1). 

3.1.4  NVG-weighted  transmissivity  (T^^g)  -  the  spectral  transmissivity  of  a 
transparent  part  multiplied  by  the  spectral  sensitivity  of  a  given  NVG  integrated  with 
respect  to  wavelength  (see  Fig.  1,  Equations  1  and  2). 

3.1.5  NVG  spectral  sensitivity  -  the  sensitivity  of  an  NVG  as  a  function  of  input 
wavelength. 

3.1.6  photometer  -  a  device  that  measures  luminous  intensity  or  brightness  by 
converting  (weighting)  the  radiant  intensity  of  an  object  using  the  relative  sensitivity  of  the 
human  visual  system  as  defined  by  the  photopic  curve,  (see  Refs.  2.2.1  and  2.2.2) 

3.1.7  Photopic  curve  -  the  photopic  curve  is  the  spectral  sensitivity  of  the  human 
eye  for  daj^time  conditions  as  defined  by  the  Commission  Internationale  d’Eclairage  (CIE) 
1931  standard  observer  (see  Refs.  2.2.1  and  2.2.2). 

3.1.8  transmission  coefficient  -  same  as  transmissivity. 

3.1.9  transmissivity  -  the  transmissivity  of  a  transparent  medium  is  the  ratio  of  the 
luminance  of  an  object  measured  through  the  medium  to  the  luminance  of  the  same  object 
measured  directly. 

4.  Summary  of  Test  Methods 

4. 1  General  Test  Conditions:  The  test  can  be  performed  in  any  light-controlled 
area  (e.g.,  light-tight  room,  darkened  hangar,  or  outside  at  night  away  from  strong  light 
sources).  The  ambient  illumination  must  be  very  low  due  to  the  extreme  sensitivity  of  the 
NVGs.  A  fixture  holds  the  NVG  and  its  objective  lens  is  aimed  at  and  focused  on  a  target. 
The  target  can  be  either  an  evenly  illuminated  white,  difiusely  reflecting  surface  or  a 
transilluminated  screen  (lightbox).  The  illumination  is  provided  by  a  white,  incandescent 
light  source.  Handle  the  samples  carefiiUy  as  to  not  cause  any  damage.  Do  not  clean  them 
with  any  solvents.  Use  part  specific,  prescribed  cleaning  materials  and  methods. 

4.1.1  Direct  Test  Method:  Attached  directly  to  the  eyepiece  of  the  NVG  is  a 
photodetector.  It  has  been  found  that  the  measured  field  of  view  (FOV)  should  be  smaller 
than  the  uniformly  illuminated  portion  of  the  target.  The  target  illumination  is  adjusted  so 
that  the  output  of  the  NVGs  is  about  1.7  cd/m^  (0.5  fL).  TWs  assures  that  the  NVG  input 
is  not  saturated;  the  automatic  gain  control  (AGC)  is  not  active.  The  luminance  output  of 
the  NVG  is  measured  and  then  repeated  wiA  the  transparent  material  in  place.  The 
transmissivity  is  equal  to  the  NVG  output  luminance  with  the  transparent  material  in  place 
divided  by  the  NVG  ouq)ut  luminance  without  the  material  (see  Section  10.1,  Equation  1). 
The  result  is  the  NVG-weighted  transmissivity  (T^q)  of  the  transparent  material. 

4. 1 .2  Analytical  test  method:  Without  the  sample  in  place,  measure  the  light 
source’s  spectral  energy  distribution  from  450  nanometers  (nm)  through  950  nm  in  5  nm 
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incremental  steps.  Place  the  sample  into  the  spectrophotometer  or  spectraradiometer 
fixture.  Perform  spectral  measurements,  also  from  450  nm  through  950  nm  in  5  nm 
incremental  steps.  Obtain,  from  the  NVG  manufacturer,  the  spectral  sensitivity  of  the 
goggle  that  will  be  used  in  conjunction  with  the  part.  Perform  analytic  method  as  defined 
in  Section  10.2  by  Equation  2,  to  derive  the 

5.  Significance  and  Use 

5. 1  Significance  -  This  test  method  provides  a  means  to  measure  the  compatibility 
of  a  given  transparency  through  which  NVGs  are  used  at  night  to  view  outside,  nighttime 
ambient  illuminated  natural  scenes. 

5.2  Use  -  This  test  method  may  be  used  on  any  transparent  part  including  sample 
coupons.  It  is  primarily  intended  for  use  on  large,  curved,  or  thick  parts  that  may  already 
be  installed  (e.g.,  windscreens  on  aircraft). 

6.  Apparatus: 

6. 1  Test  Environment  -  This  test  method  can  be  performed  in  any  light-controlled 
area  (e.g.,  light-tight  room,  darkened  hangar,  or  outside  at  night  away  from  strong  light 
sources)  since  the  NVGs  are  extremely  sensitive  to  both  visible  and  near  infrared  light. 
Extraneous  light  sources  (e.g.,  exit  signs,  telephone  pole  lights,  status  indicator  lights  on 
equipment,  etc.)  can  also  interfere  widi  the  measurement. 

6.2  White  Diffuse  Target  -  The  white  target  can  be  any  uniformly  diffusely 
reflecting  or  translucent  material  (e.g.,  cloth;  flat  white  painted  surface;  plastic).  TTbie  target 
area  should  be  either  smaller  (see  Figure  2)  or  larger  (see  Figure  3)  than  the  NVG  FOV 
(35-60  degrees  typical)  in  order  to  minimize  potential  alignment  errors. 

6.3  Light  Source  -  The  light  source  should  be  regulated  to  ensure  that  it  does  not 
change  luminance  during  the  reading  period.  It  should  be  a  low  ou^ut,  2856  Kelvin 
incandescent  light  since  this  type  emits  sufficient  energy  in  both  visible  and  infrared 
without  any  sharp  emission  peaks  or  voids  (see  Ref.  2.2.1).  Its  output  must  be  uniformly 
distributed  over  the  measurement  area  of  the  white  diffuse  target.  Use  of  neutral  density 
filters  or  varying  the  lamp  distance  may  be  needed  to  achieve  sufficiently  low  luminance 
levels  to  be  obtained  for  test,  since  varying  the  radiator's  output  would  shift  its  color 
temperature. 

6.4  Night  Vision  Goggles  -  A  family  of  passive  image  intensifying  devices  that 
utilize  visible  and  near-infrared  light  and  enable  the  user  to  see  objects  that  are  illuminated 
by  full  moonlight  through  starlight  only  conditions.  The  goggle  that  is  used  for  test  should 
be  the  same  as  that  which  will  be  used  with  the  given  transparent  material  (see  Appendix 
B). 

6.5  Photometer  -  Any  calibrated  photometer  may  be  used  for  this  measurement. 
However,  the  detector  must  be  properly  coupled  to  the  NVG  eyepiece  and  the  FOV  over 
which  the  light  is  integrated  must  be  known  (see  Appendix  A). 

7.  Test  Specimen 

7. 1  If  necessary,  clean  the  part  to  be  measured  using  the  procedure  prescribed  for 
the  specific  material.  Use  of  nonstandard  cleaning  methods  can  irrevocably  damage  the 
part.  No  special  conditions  other  than  cleaning  are  required. 

8.  Calibration  and  Standardization 

8.1  It  is  not  necessary  that  the  photometer  be  calibrated  in  absolute  luminance  units 
since  the  measurement  involves  the  division  of  two  measured  quantities  yielding  a 
dimensiorJess  value.  A  generic  photodector  can  be  substituted  for  the  photometer  if  its 
FOV  is  known . 
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9.  Procedure 

9. 1  General  Procedures:  All  measurements  are  performed  in  a  darkened,  light- 
controlled  area.  In  order  to  control  the  effects  of  reflection,  verify  that  there  are  no 
extraneous  light  sources  that  can  produce  reflections  within  the  measurement  area  of  the 
transparent  material.  To  control  the  effects  of  haze,  verify  that  no  light  other  than  the 
measurement  light,  falls  on  the  area  being  tested. 

9.2  Direct  test  method:  This  method  allows  analysis  of  large  or  small  transparent 
parts  placed  at  either  normal  (perpendicular  to  the  optical  axis)  or  installed  orientations, 
such  as  an  aircr^  windscreen.  Figiu-e  2  illustrates  the  use  of  a  small,  transilluminated 
lightbox.  Figure  3  depicts  the  use  of  a  large,  front-illuminated,  white,  diffusely  reflective 
target,  illuminated  as  uniformly  as  possible  using  a  regulated  white  incandescent  light 
source.  The  size  of  the  target  is  dependent  upon  the  test  location,  the  obtainable  luminance 
uniformity,  and  the  FOV  of  the  photodetector  assembly.  In  the  field,  a  transilluminated 
lightbox  is  probably  the  easiest  to  setup  and  use  as  it  offers  the  advantage  of  compact,  self- 
contained  portabihty.  It  is  important  to  maintain  the  same  target  to  NVG  distance  during 
the  measurements.  In  a  light-tight  room,  a  white,  diffusely  reflecting,  front-illuminated 
surface  may  be  utilized.  In  the  field,  the  NVG  can  be  held  by  hand  and  under  laboratory 
conditions,  can  be  mounted  in  a  sturdy  fixture.  It  is  then  aimed  at  and  focused  on  the  white 
target.  The  photodetector  is  attached  to  the  NVG  eyepiece.  With  the  transparent  material 
removed  from  the  measurement  path,  the  variable  white  light  is  adjusted  to  produce  an 
NVG  output  luminance  of  about  1.7  cd/m^  (0.5  fL).  This  insures  that  the  NVG's  input  is 
not  saturated;  the  AGC  is  not  activated.  Due  to  the  extreme  sensitivity  of  NVGs,  neutral 
density  filters  may  need  to  be  placed  in  front  of  the  light  source  in  order  to  obtain  low 
enough  target  luminance.  After  recording  the  NVG's  output  luminance,  the  transparent 
material  is  placed  in  the  measurement  paA.  If  the  materi^  is  a  sample,  its  orientation 
relative  to  the  measurement  path  can  be  simply  perpendicular  or  at  the  installed  angle.  If  an 
aircraft  transparency  is  being  tested,  the  NVG  should  be  located  at  the  design  eye  position 
relative  to  the  transparency  which  is  mounted  in  its  installed  position.  Measuring  at  the 
installed  angle  is  critical  since  many  materials  exhibit  variations  in  transmissivity  as  a 
function  of  angle.  The  NVG's  output,  with  the  test  piece  in  place,  is  then  recorded.  In 
order  to  prevent  damage  to  the  NVGs,  verify  that  they  are  turned  off  before  the  test  area 
lights  are  turned  on. 

There  are  numerous  classes  of  NVGs  (generations  2, 3;  types  A,  B)  that  vary  in 
their  spectral  sensitivity,  intensified  FOV,  resolution,  etc.  It  is  important  to  select  the 
proper  NVG  type  that  will  be  used  in  a  given  application.  The  NVG  must  also  be  in  good 
working  condition  and  meet  minimum  user  performance  specifications. 

The  target  illumination  source  can  be  an  incandescent  operating  at  2856  Kelvin 
which  is  the  standard  color  temperature  that  is  used  for  many  NVG  test  procedures.  The 
illumination  from  this  source  can  be  varied  using  neutral  density  filters  since  varymg  the 
light's  voltage  would  cause  a  corresponding  color  temperature  shift.  If  the  NVG  is  to  be 
used  to  view  an  area,  through  a  specific  transparent  material,  that  is  illuminated  by  a 
different  kind  of  light  source  (e.g.,  mercury  vapor;  sodium)  then  that  source  must  be 
properly  noted  in  the  test  report. 

The  luminance  output  of  the  NVG  is  measured  and  then  repeated  with  the 
transparent  material  in  place.  The  transmissivity  is  equal  to  the  NVG  output  luminance 
with  the  transparent  material  in  place  divided  by  the  NVG  output  luminance  without  the 
material  (see  Section  10.1,  Equation  1).  The  result  is  the  NVG-weighted  transmissivity 
(^avg)  of  transparent  material. 

9.3  Analytical  test  method:  If  using  a  spectrophotometer,  the  sample  is  usually 
limited  to  about  two  by  two  inch  sample  coupons  held  in  a  normal  position.  In  general  (but 
depending  on  the  model)  a  spectraradiometer  can  be  used  to  measure  large  or  small  parts  at 
normal  or  installed  positions.  With  the  sample  removed,  measure  the  light  source’s 
spectral  energy  distribution  firom  450  nanometers  (nm)  through  950  nm  in  5  nm 
incremental  steps.  Place  the  sample  into  the  spectrophotometer  or  spectraradiometer 
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fixture.  Perform  spectral  measurements,  also  from  450  nm  through  950  nm  in  5  nm 
incremental  steps.  Obtain,  from  the  NVG  manufacturer,  the  spectral  sensitivity  of  the 
goggle  type  (in  5  nm  increments)  that  will  be  used  in  conjunction  with  the  transparent  part. 
Perform  analytic  method  as  defined  in  Section  10.2  by  Equation  2,  to  derive  the  ’^NVG- 

10.  Tj^vg  Calculation 

10. 1  Direct  test  method  calculation:  When  using  a  photodetector  attached  to  the 
NVG  eyepiece,  the  calculation  is  described  by  Equation  1.  The  transmissivity  is  equal  to 
the  NVG  output  luminance  with  the  transparent  material  in  place  (Lj)  divided  by  the  NVG 
output  luminance  without  the  material  (Lb).  The  result  is  the  NVG-weighted  transmissivity 
(7nvg)  of  the  transparent  material. 


(1) 

where: 

Tnvg  =  NVG-weighted  transmissivity 

Lf  =  NVG  output  luminance  with  the  transparent  material  in  place 

Lb  =  NVG  ouq)ut  luminance  without  the  transparent  material 
10.2  Analytical  test  method:  Figure  1  is  an  example  of  the  elements  of  the  "^Nva 
calculation.  When  substituting  a  spectraradiometer  (see  Appendix  A)  for  the  NVG  and 
photodetector  assemblies  (see  Figures  2  and  3),  the  calculation  is  described  by  Equation  2. 
For  Equation  2,  equals  the  inte^al  with  respect  to  wavelength,  of  the  transparent 
part’s  spectral  transmissivity  [P(A)]  times  the  spectral  energy  distribution  of  the  light  source 
[S(A.)]  times  the  NVG  spectral  sensitivity  [G(A)]  divided  by  the  integral  with  respect  to 
wavelength,  of  the  spectral  energy  distribution  of  the  light  source  times  the  NVG  spectral 
sensitivity. 


•Gen  3  NVG 


- --Transparent  Material 


NVG-Weighted  Spectral 
Transmissivity 


450  550  650  750  850 

Wavelength  (nm) 


950 


Figure  1 .  An  example  of  how  the  spectral  sensitivity  of  a  Generation  3  NVG  multiplied  by 
the  spectral  transmissivity  of  a  transparent  part  equals  the  NVG-weighted  spectral 
transmissivity  of  that  part.  Integrating  the  curve  with  respect  to  wavelength  yields  the 
part’s  NVG-weighted  transmissivity  (T^g)  value. 
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where: 

TffYc  =  NVG-weighted  transmissivity 
P(X)  =  spectraradiometric  scan  through  transparent  part 
S(X)  =  spectral  ener^  distribution  of  the  light  source 
G(X)  =  spectral  sensitivity  of  night  vision  goggle 


(2) 
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TRANSPARENT 

MATERIAL 


Figure  2.  Direct  test  method  equipment  setup  to  measure  the  night  vision  goggle- 
weighted  transmissivity  of  a  transparent  part  using  a  trans illuminated  listbox  that 
underfills  the  NVG  FOV. 


TRANSPARENT 

MATERIAL 


Figure  3 .  Direct  test  method  equipment  setup  to  measure  the  night  vision  goggle- 
weighted  transmissivity  of  a  transparent  part  using  a  trans  illuminated  listbox  that 
overfills  the  NVG  FOV. 
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11.  Precision  and  Bias 

1 1.1  An  interlaboratory  study  (ASTM  RR  XXXX)  was  conducted  to  determine 
the  precision  of  ASTM  P94-02,  Standard  Test  Method  for  Measuring  Night  Vision 
Goggle-Weighted  Transmissivity  of  Transparent  Materials.  Six  labs  (instruments)  were 
used  to  measure  four  plastic  samples,  five  times  each.  The  statistical  summaries  are  shown 
in  Tables  1  and  2. 

Table  1.  Repeatability  (S,)  and  reproducibility  (Sg)  values  in 
derived  from  the  data  sets  in  Appendix  C. 


REPEATABILITY  (S,) 
WITHIN  LABS 

REPRODUCIBILITY  (S^ 
BETWEEN  LABS 

SAMPLE  #1 

0.011 

0.015 

SAMPLE  #2 

0.011 

0.016 

SAMPLE  #3 

0.007 

0.011 

SAMPLE  #4 

0.006 

0.008 

MEAN 

0.009 

0.013 

Table  2.  95%  repeatability  (r)  limits  and 
95%  reproducibility  (R)  limits  in  ’^NVG- 


95%  r  LIMITS 
WITHIN  LABS 

95%  R  LIMITS 
BETWEEN  LABS 

SAMPLE  #1 

0.030 

0.043 

SAMPLE  #2 

0.030 

0.044 

SAMPLE  #3 

0.021 

0.030 

SAMPLE  #4 

0.017 

0.023 

MEAN 

0.025 

0.035 

ranged  from  0.006  to  0.01 1  Tjvvg 
Sg  ranged  from  0.008  to  0.016 

r  ranged  from  0.017  to  0.030 
R  ranged  from  0.023  to  0.044 

11.1.1  Since  the  accuracy  of  the  measurements  should  not  and  did  not  depend 

upon  the  type  of  the  transparent  material,  it  is  logical  to  calculate  a  mean  of  the  4 

sample  sizes  to  derive  the  composite  precision  values  indicative  of  this  method.  In 
summary,  the  Statistical  analysis  (ASTM  Standard  Practices  E  691  and  E  177)  revealed  that 
the  method’s  mean  repeatability  (SJ  was  0.009  and  the  mean  reproducibility  (Sg)  was 
0.013  Tjvvg-  Th®  repeatability  (r)  was  0.025  and  the  mean  95% 

limits  for  reproducibility  (R)  was  0.035 

1 1.1.2  The  95%  limits  were  calculated  using  the  formulae,  below.  Since  the  95% 
limits  are  based  on  the  difference  between  two  test  results,  the  ^  factor  was  incorporated 
into  the  calculation  (ASTM  Practice  E  177;  27.3.3).  For  r  =  95%  repeatability  limit 
(within  laboratories)  and  =  repeatability  standard  deviation. 

r  =  1.960*^/2*S, 

For  R  =  95%  reproducibility  limit  (between  laboratories)  and  Sg  =  reproducibility  standard 
deviation. 

R  =  L960*^/2*Sg 
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1 1.2  The  procedure  in  this  test  method  has  no  bias  because  the  NVG-weighted 
transmissivity  is  defined  only  in  terms  of  the  test  method. 

12.  Appendix  A 

12.1  Major  suppliers  of  photometers: 

International  Light  Inc,,  Newburyport  MA 
Labsphere,  North  Sutton  NH 

Minolta  Corp. 

Photo  Research,  Chatsworth  CA 

12.2  Major  photometric  light  source  manufacturers: 

Acton  Research  Corp.,  Acton  MA 

DBA  Systems  Inc.,  Melbourne  FL 

Electro  Optical  Industries  Inc.,  Santa  Barbara  CA 

Graseby  Lifrared,  Orlando  FL 

Hoffman  Engineering  Corp.,  Stamford  CT 

Labsphere  Inc.,  North  Sutton  NH 

Optronic  Laboratories  Inc.,  Orlando  FL. 

Oriel  Corp.,  Strattford  CT 
Pyrometrics  Coip.,  Millington  NJ. 

12.3  Major  manufacturers  of  night  vision  goggles: 
m,  Roanoke  VA 

Litton,  Phoenix  AZ 
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APPENDIX  C.  Data  reports:  spectral  transmissivity  as  a  function  of  wavelength,  450 
Tim  through  950  nm  in  5  nm  increments. 
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ooo^^’-^ooooooNOOvo'Tjcor-ioor^r^ON^m^or^ 
o^G^o^c^o^c^o^o^o^o^o^oooooooooooot>^^^^^^oooooooo 
00000000000000000  0*0000000 


oooo^ooo^ooooo^ooovo^r>T^o^ir5fnc50T^■r^^oomr^^tn;^CN^ 
i^ooooooo’— 'OOOOo^oooor^^oco^oo^^t^o^’— 
o^a^o^c^o^o^o^o^c^o^o^o^o^oooooooooooooor^^^r^^^oqoqoooo 
CDOOOOOOOOOOOOOOOOOOOOOOO'OOOO 


0'noioo»oo»oo»oo^o<oQ^pipg^g^o^o^oin 
r^c^ooooooooooooooooooooooooooooooooooooooooo^o^o^o^a^  a\ 
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930  0,885  0.884 _ 0.883 _ 0.882 _ 0.883 

935  0.891 _ 0.890  0.889 _ 0.889 _ 0,890 

940  0.895  0.894  0.893 _ 0.893  0.893 

945  0.897  0.896 _ 0.893 _ 0.895 _ 0.895 

950  0.894  0.892  0-892  0.892  0.891 


r^asOc^co'^iovor^t^ooooa\aNONOOOO^^cscScnf<^'^v^iri»riVOt^ 
vovoc^r^r^c^r^c^t^r^r^r^r^r^t^oooooooooooocsooooooooooooooooooo 
oooooooooooooooooooooooooooooooooooooooooooooooooooooqoooqoqoq 
oooodooooooooooddoddooooddooooo 


cScn^nvo^-‘0000»-'CSfnfn'^TtTt^r)^nv^^rivo^ovovor^ooooo^o^oo^ 
f^f«^t^C^t^t^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOa\ONON 
ooooooooooooooooooooooc50oooooooooooooooooooooooooooqoooooqoqoq 

ddddddddddddddddddddddddddddddd 


I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I 


^cS'^*ovooooooo^cscscncnm'^*^TtTi-mv^mvovor^t^oooNOOo\0 
t^t-^f^r^f^t^t^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOON 
oooooooooooooooooooooooooooooqoooooooooooooqoooooooqoqoooqoqoq 

ddddddddddddddddddddddddddddddd 


mu^^^ooo^o^c^cn^v^v^vo^0's0^^^^l>^^ooooooo^o^o0l— 'i-<cs<Ncn 
r^t^c^r^t^oooooocjooooooooooooooooooooooooooooooooNONONCNaNON^ 
oooooooooooooooooooooooooooooocxjoooooooooooooooooooqoqoqoqoooo 

ddddddddddddddddddddddddddddddd 


t^ooo^^^^'^tn^ovo^^ooooo^oooooo^^'-H<scscncoTi■'«;^^o*nvo 
Got^t^ooooooooooooooooooooooo^o^o^o^o^o^a^o^a^a^o^o^a^o^o^a^o^o^ 
Coooooooooooooooooooooooqoooooooqoooqoqoooooqoooqoooqoqoooqoooq 

Sddddddddddddddddddddddddddddddd 


o»now^ov^o»oow^o»oo^no*riOir>ov^o»nov^ow^ow^o*oo 

m»ovo^oc^t^ooooo\ONOO^»-HCScscnc<^’^'^w^mvo\or^t>ooooaNONO 
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605  _ 0.897  0,894  0.891 _ 0.891 _ 0.887 

610 _ 0.897 _ 0.894  0.892  0.892  0.888 

615  0.898  0.895  0.892  0.893  0.889 


o^r^T^»o'Ot^r^ooooo^o^ooT-H^^oo^^^^o^q^^^^o^;^^^og^ 
cy^o^o^o^c^o^o^o^o^o^o^o^oooooooso^o^c^ooooo^o^o^ooooooc^ 
ooooooooooooooooooooooooono\o\Onono>ooooooc50ooooooooooo>o>onono^o^oo 
oooooooooooooooooooooooooooooooooo 


a\^ONO>ONOOOoooooooooooooNONa\a^oso^oooooooo 

OOOOOOOOOOO^CJ^O^O^O^O^O^O^O^O^CJ^O^O^O^C^OOOOOOOOOOOOO^O^CT^O^O^O^O^O^ 

ododoooooooooodododooooooooooooooo 


ONOnOnQ\ONO\OOOOOOOOOOOOOOOsOnO\OnOnOnOOOOOOOO 

ooooooooooooctsOn  On  on  on  on  on  on  on  onononononooooooooooooonononononononon 

ddddddddddddddddddddddddddoooooooo 


vor-oooN^csmcOTf’^'«d''nv£}vDNONOvONO^^ONNo^^^orj^^r;-^^u5;5 

OnOnONOnOOOOOOOOOOOOOOOOOnONOnOnOnOOOOOOOOO 

ooooooooononononononononononononononononooooooooooononononononononon 

ddddddddddddddddddddddddddoooooooo 


ONONO^cO'^voNOvot^r^r^t^oooooNOOt^NO^csoN^^c^oa^^^-oooor^t::^ 
OnOnOOOOOOOOOOOOOOOOOOOOjOnOsOvOOOOOOOOO 
OOOOONONONONONOnOnONOnONOnONOnONONOnOnONONOOOOOOOOONONONONOnONONONON 

dddddddddddddddddddddddddooooooooo 


ovNOw^o*oow^o»nov-iO»riOinou^ovNp«r>Ow^o^ojnojnOjo05n 

S<Nc^cn^'^*nvNNONor^r^oooooNONOO’— 

vovoNONO\oNONO'ONovQNONOvo'ONONOt^r^r^c^t^r^f^r^t^i>f^f^t^t^f^t^^^ 
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940 _ 0.916 _ 0,897  0.865 _ 0.887 _ 0.852 

945 _ 0.918 _ 0.898 _ 0.866 _ 0.889 _ 0.854 

950  0.917  0.897  0.865  0.888  0.854 
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41 


775 _ 0^ _ 0.911 _ 0.911 _ 0.911 _ 0.911 

780 _ 0^ _ 0^ _ 0^ _ 0^ _ 0.911 

785 _ 0^ _ 0^ _ 0^ _ 0^1  0.91 
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930 _ 0.888 _ 0.887 _ 0.887 _ 0.887 _ 0.888 

935 _ 0.895 _ 0.894  0.895 _ 0.895 _ 0.895 

940  _ 0.899  0.897  0.898 _ 0.898 _ 0.899 

945 _ 0^ _ 0.899 _ 0.899 _ 0.899 _ 0.901 

9501  0.898 _ 0.897 _ 0.896 _ 0.897  0-898 
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60S _ 0.932 _ 0.916 _ 0.920 _ 0.917 _ 0.932 

610 _ 0.931 _ 0.916 _ 0.921 _ 0.914 _ 0.932 

615  0.934  0.919  0.926  0.918  0.935 
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OPTRONICS  MODEL  736  RADIOMETER  -  TEXSTARJNC. 
I  I  SAMPLE  1  I 


.  cocncomfnrnmcncocncnrocno4cs^oaNOOvorooONO\Ocr»voooo^^ 
o.Go^o^o^o^a^o^a^o^a^a^c^a^o^o^o^o^oqooooooooc^c^oooooqooo^o^a^ 
^  SoooooooooooocSooooooooooooooooo 


ooor^r^t^\ot^aNaNOvooo»n^<nvo»o»ncnTfNO^oot^cooNV->t^r^^oo 

c«oirvJcsc^(Ncsc^r^mc^c<ic^cs»~ioo\oor^»riCSOoooooo^»nt^C\00 

coNasONCNO\o^ONONONasONONaNaso\oooooqoooooqr^r^oqoqoqoqoooNa\ 

Sooooooooooc5ooooooooooooooooooo 


col'll  ml  colc^l  'Icslol  ONr'^|o\  oogn^voono^’— i^noomm^ 

«>mmmmmmmmmmmmcs^OOoor^»omooogNOminc;^2\00 
coNasaNO\o\c\o\o\ONONO>ONONONO\ONoqoqoqooooi^i>oooqoqoooqoNO^ 
Soooooooooooooooooooooooooooooo 


rQO^^cscsm^'^w^'^000*n0’— '^OONOv^vommo^^'^GNO^''^ 
.  commmmmmmmmmmmcNc^^oo\t^»rimog\gs3:^m^ooG\0^ 
CLCo\ONONO\ONONO\oso\0\OsO\a\o\o\o^oooqoqoooor^r^oqoqoqoqoqoNaN 
^^oooocJooooooooooooooooooooooooo 


^omcSTfcs^c^m<o*ncNc<i^<nocscs^oooor^r^cNooocN^gNON'^ 
ClCO^O\O^O^O^a^G\O^C3^G^O^O^O^G^O^O^C^OOOOOOOOOOOOOOOOOOOOO^G^O^ 

^gddddddc5c5dddddddddddddddodddddd 


o  00  o  CNi  cs  o  00  cs  on  on 
ON  VO  Tj*  r-H  o  o  CM  o^  o  ^  cs 


ow^o»oo*now^ow^omoino<novNO»no*r>o^o<nQ»no*ri 
ONOvoo^^cscNmm'^'^vNVNvovot^t^oooooNONOO^^caramm 
C^r^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONONOsONOvONON 


45 


940 _ 0,926 _ 0,917 _ 0,912 _ 0,912 _ 0,919 

945 _ 0,929  0,920 _ 0.916 _ 0.916 _ 0.922 

950  0.927  0.917  0.914  0.913  0.91^ 


.,r^  o\^<Nc^tnvooooooNO\oo^C'ics»^<N<N^^^^^^^;n^^^oog\gNg;\ 
.  «  r^ooooooooooooooooooo^o^a^o^o^o^a^a\a^o^a^^c^^5\a^a^£^a^a^^^^ 

qJ  sIoo  OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

^  iHIo  qoooooooooooooooooooooooooooqqqqq 


''^^ocSTfvor-oooo^<sc^cncnin'^mvow^mm^vDr-voc;-opoooooooNg^g;^c;::j 
.  c«ooooooooooooo^o^a\o^a^o^o^o^o^o^o^a^a\a^a^a^a^ava^£^3^3\a^g\a\ggg 
0.coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooqooaNaNa\ 
iiSoooooooooooooooooooooooooooooooooo 


.c«t^ooooooooooooooooo^o^o^a^c^a^o^a^o^o^a^a^o^a^o^o^a^a^a\g^o^g\g^a^g 
cJ  cloo  oooooooooooooooooooooqooooooooooooooooooooooooooooooooooooooooooo^ 
Slo  000  O  ooOOOOOOOOOOOOOOOOOOOOOOQQQQQ 


ooooooooooooooa\ONOvONONCTNONC\aNONO\a\o\ajjgsCN2^2j2iS5SiSi2^SSiSS 

oooooooooooooooooooooooooooooooooooooooooooooooooooooqooooooooooo^o^ 

ooooooooodoooooooooodooooooooooooo 


.  «Jt^ooooooooooooo^o^o^a^a^o^o^o^o^a^a^a^a\a^a^2^a^o^a^a^o^^a^^o^o^g 
cLcoooooooooooooooooooooooooooooooooooocxsooooooooooooooooooooooooooooo^ 

^  ^Q<^<^oooddddddddddddddddddddQQQQQQQO 


o»oo»nOioo<oo^no^o<no»oo»ngv2pjogjngjog;ng;ng^o^ 

u^v^vDvor^t^oooooNO\oo»-^^cscNf<^c<^'^'^*i^v^'Ovoi>f^oooop\o\gg^^ 
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775 _ 0.911 _ 0.909  0.908 _ 0.912 _ 0.910 

780 _ 0.909  0.910 _ 0.908  0.911 _ 0.908 

785  0.908  0.910  0.907  0.911  0.908 


OOOOOOOOOOOOOOsOOOOt^vOTj*!— (OOOOOOON^^OC^OO 

o^o^o^o^o^o^a^o^a^o^a^o^o^oqoqoooqooooooc^c^r^^^oooqoqoo 

oooooooooooooooooooooooooooo 


o^^^^t^ooooo^a^'^c^lc^^^o^^Ofoo^o^oco*oo^^ooa^*n^ocNp 
^ooooooo^^^oooo^a^a\'Otnc^^o^oooooco^rlOoo^ 

ONO\C7\O\O^ONO\ONOSON0NONO\ON00  00  00  00  00  00r^l>l>00  00  00  00  00 

o  o  o  o  o  o  o  o  o  o  o  c5  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o  o 


i>-vomio»n»nvot^oooc--<NvoTi-cnr2'^'OTt*ol^c^^aNpcnpcS 

ooooooooo»--toooG^ooo^oovo^^)<so^ooooo^ou^ooa^ 

a^o^o^o^o^a^o^cy^o^o^o^o^o^oooooooooooooqt>^>t^oooooooooo 

oooooooooooooooooooooooooooo 


oovot^^i>w^ONr^ONOONooTj-oo*nTt^ooooo»nvor^oocs^o\ 
ooooooooo^ooooo^o^oovo^nc<^o^ooooo<N^or^o^ 
o^o^o^o^o^o^o^o^o^o^o^o^o^o^c3qoooqoqoqoor^t>r^oooqoooooo 

ooooooo’ooooooooooooooooooooo 


oo^ioin'OvooNC^o^vow^u^cooooooooosO^r^voo^-j^t^'O 
oooooooo^ooooo^oooooovO’^r^^o^^^^^^o^T^r^oo 
a\o^o^O\O^ONONC\0\a\0^0so\oooooooqoqoooot^r^r^oqoooooqoq 
000000000000000  0*000000000000 


ou^oinow^ow^o»ooino»oO‘r>o<oo»oow^p^o*np»o 
Q\o\oo»— '^c^^^coco^^*o^^i'ovo^^^^ooooo^o^oo▼— 'CNOj 
f^^^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^O^O^^O^O^ 
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930 _ 0.892 _ 0,888 _ 0.894 _ 0.896  0.894 

935 _ 0.908 _ 0.905 _ 0.910 _ 0.913 _ 0.901 

940  _ 0.910 _ 0.916 _ 0.914 _ 0.915 _ 0.901 

945 _ 0.902 _ 0.907  0.901 _ 0.905  0.903 

950 _ 0.907  0.910 _ 0.914 _ 0.915 _ 0.901 


605  _ 0.813 _ 0.814 _ 0.820  0.819 _ 0.821 

610 _ 0.814 _ 0.817 _ 0.821 _ 0.823  0.824 

615  0.816  0.818  0.830  0.828  0.824 


cLgoooooooo^^oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

i}  Sddddododdddddoddodddoooddoddddodoo 


coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

^ddddddddddddddddddddddddddddddddoo 


^Tto^oot-lcn’«^o^co(r>^l-HoooocnovOTl■^ri’^t^'^w^^^oo^ot^^OT^u^p^pop 

c«mf<^c<i'^^^'^»ov*>vovov^v^vovo*/^vovovovovo'0'ovow^^O'or^r^r^r^c^'or^ 

Goooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

Sddddddddddddddddddddddddddddddddoo 


^r^iTl■^ocSO•^^oa^^o\T^vO'0^n^o^0^nooooo'^c^>^^'^oocNcncn^^^p 

COOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOC300000000000 

Sdddddddddddddddddddddddddddddddddd 


Icnvoo^o•^'^t^OTi•vo'«:to^vooc^^ocS’^r-oor^votn»-^g\;^o^^;^r::C^r:;f2^ 

OOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ddddddddddddddddddddddddddddddoooo 


ovno<now->omo»r>ow^o^nO'no^o»opv^o^p^pjnpjnp»npjo 

vovovovovo'ovovo^'ovovosovovovoc^r^r^r*'r^r^c^c^t^t^i>t^r^t^r^f^f^f^ 
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RADOMA  SPECTRARADIOMETER  -  ARMSTRONG  LAB  (HECV) 
I  ISAMPLEl  I  I 


c^^»nO’~^o^oc^^(NOoocnvoocsa^'^vot^'— 

t^^^oooo^^oooooooooooovo^o^^^■^coc^w^Tl■^OO^c^^^»o'^iv^^^ 

oooooooooooooooooooooqoooooqoqoooooqoqoooqoooor^oooooqoooooq 

0000000000  0  000  0  0000000c)0000000 


vo^o^^^^>t^l>l>t^f^vovov^’^co1-Hcnm»nw^TJ*c^^oc^cS'^^^*ov^ 

oooooooooooooooooooooooooqoqcjooooooqoqoooooooqr^oooqoooqooQO 

ooooooooocJoooooooooooooooo'oooo 


oasONCSmvooN»o^»nvovDfnvoascor-vO'-HVOoo\oaN^poooojo5Sro 
poooooooooocxjoooooooooooqoooqoqoooooooooooor^oooqoooooooooq 

oooooooooooooooooooooc5oooc5oooo 


sooor^ONON'»!trn'^c^c<iw^^^ONOOcs^ovo^aN»*H»-Hoqm*n^p 

oooooooooooooooooqoqoqoqoooooooqoooooqoqoqoooor^oqoqoooqoooo 

oooooooooooooooooooooooooocJooo 


o^'^^ooc^^'0^ooooovovoc^o»n’^vO’^t^cn^oo^^Tt^cop^t^cN 
*r>\ovor^vot^c^r^^vovo»n»OTfc^^cS'^Tj'Tf'^^OONCScnv-)<n«o^ 
OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOCXDOOOOOOOOr^OOOOOOOOOOOO 

oooooooooooooooooooooooooooooo 


ir)O<0O»0Ov^O»nO»0O«no^Ov^pinpwnpv5Ow^p^O^ 
ONOO^^csc<icocn'^'^w^»/^vovor^c^ooooa\osoO'^^c^^^^ 

^^00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  ^0^0^0^0^cy\0^0^ 
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940  _ 0.845 _ 0.853  0.873 _ 0.877  0.854 

945  _ 0.844  0.866  0.873 _ 0.879  0.833 

950  0.858  0.863  0.881  0.874  0.856 


CL  C  f^f^f^f^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

LgSdcJdddodddddddddddddooddddooooooooo 


'■«i-OCSTti0fnO0\0\^M-H00^;£0e^22Sfj222;2;2?iS?32:2Sc5?ir)“® 

dcr2r2r2?i§?^?^®ooooSoooooqoqoqoqoqoqoooooooqMoqoooqoqoqoooqoqoooq 

^  2  dddddddddddddddddddddddddooooooooo 

mm 


rvl  ro  0\  V.O  \kO  i/~\  q  r*^  00  Ol  ON  ^  00  ON  ^  ON  00  ^  VO  00  CS  VO  <0  VO 

f^f-^(*^00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00 

oooooooooooooooooooocsooooooooooooo 


^^^^SooSoooooooooooooooooooooooooooooooqoqoqoqoooqoooooooqoqoq 

odddoodooddddodododddododooooooooo 


r5^C3\10IO'^ONl^r^tOW^’-<'^^ONOVOt^»OOONCnOOONt^VOV000^^^50^ 

Qo§5\a5SSoor-M!-i^H^<NS<NTiics<Nr^<N<N^<N<Nc<J<Scsc^c<icoco^cn^ 

f^f^f^f^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ooddddddddddddddddddoddododooo  o  o  o  o 


o«oo»oo»oow^o»o  o|  vN|o|vn|p|*nlo|;o|o|jo|g|jn|o|*g|o|;o  Ojogvoojqovn 
VO  iovovor^r^oooooNONOO^^’^<N^f^<^*'5f’^*^'^^^f^^®®P9  S  S  vTn 

Tt^'^'^^'^'^'^'^'^VOVOVOVOVOW^VOVOVOVOVOVOV/NVOVOVOVOVOVOVOVOVOVOVO 


o  ^ 

.  w  m 
a  c  00 

o  ^ 
H  O 


^c<^fn'^'^oo<svoaso\oo^vONO»nc^cSTt’mr4^ocMcsooO'^t^oo 

tn»o»r)»ntnio'OvovovovovovovovovDr^r^t^c^vovo^voi>r^r^c^ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

dododoc>ddoddddododdodddoddoo 


1“ 

I  I 


O'^ONtnoo^^ocs^nov^r-c^voTtroTf'^vooNcncsoom^ovoocn^vn 

Mcncn‘^'^»nm»ri*n»ovovovovovovovovovovovor^r^vo\ovovo\c)r-r-r-r- 

Coqoooooooooooooooooooooooooooooqoooqoqoooqoooooooooooooooooqoq 

Sddddddddddddddddddddddddddddddd 


cc _ 

^  CO 

9  d 

2 


.ooT^o■^c^t^r^oo^-H^ooococscooo^oo^^o^noooo’^ovo^o^mt^o^^ 
coco'^ininuoinuovo^vovor^t^r^c^vovovor^c^r^t^t^r^vovovot^t^r^oo 
Coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

2  ddddddddddddddddddddddddddddddd 


^vocst^^muoTj-voaNcor-Or-Hoooi^vot^oocnvowocsOTj-rfONC'J’^ooo 

wco'^Trwomuotowovovovor^r^r^'Ovovovo'or^r^t^t^t^vovovor^c^c^oo 

Coooqoooqoqoqoooooooooooqoqoqoqoqoqoqoooooqoqoqoqoooqoqoqoqoqoq 

Sddddddddddddddddddddddddddddddd 


ooo'^^'^sosot^oo^uoocnmcsooNOOooovooor^uo’-HvovorHcnr^Oi-' 

wco'^muououo^wo'ovot^r-t^i^t^vo^vot^t^r^t^r^r^^ovoc^r^r^oooo 

Coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

2  ddddddddddddddddddddddddddddddd 


owoow^owoovoo»nowoo>r>owoowoowoo»notr)Ovoo»nouoo 

csc^^cocoT^Tl■lo^n^ovo^-t^ooooa^a^oo^^csc^coco'^Tt^nuovovot^ 

vovovovovovo^ovovovovovovosovosor^t^c^c^t^r-r^r^t^t^r-t^t^t^c^ 
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775  _ 0.883 _ 0,880  0,882 _ 0,876  0,878 

780 _ 0.880 _ 0,880 _ 0,881 _ 0,875  0,877 

785  0.879  0J79  0.880  0.874  0.875 
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930 _ 0.864  0.862 _ 0.864 _ 0,858  0.861 

935 _ 0.867  0.863  0.866 _ 0.860  0.863 

940  _ 0,868  0.866 _ 0.866 _ 0.862 _ 0,864 

945  _ 0.869  0.866 _ 0.868 _ 0,863 _ 0.865 

950 _  0.869  0.866  0.868  0.863  0.864 


PERKIN  ELMER  LAMBDA  9  - 
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605  _ 0.827 _ 0.825 _ 0.819 _ 0.824  0.820 

610 _ 0.826  0.825 _ 0.820  0.824  0.820 

615  0.828  0.826  0.821  0.825 _ 0.821 


u^o^<Nr^^c^o*i'^voO'^ooooo\oor^r^ooo»or^vocnoN'Ovocs\oa\CNmcncn^ 
.  00  cSrncnT**'^’^'^Tr»o»o«nvovo*nto*o»n^nvovovovovo»nto»n^sovoc^r^t^t^r^ 
0.c:00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00c)0  00  00  00  00  00  00 

^Sc5ododoooc5ddddddoodc5c5dc5ddddddodoc5do 


oa\vo^»rir^t^r^a\'^oocSTfTi-cnT-H,— t5s<^^T:l•o^^o^>cno^^vDo^covo^^^^vO'^ 
cocsco'^'^'«t^Tt'^io*o'Ovosovo'Ovovovo\iOvor^t^vovo*ri^DvDvor^f^r^t^r^r^ 

COOOOOOOOOOOOOOOOCX3  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  C30  00  00  00  00  00  00  00 

Sdddddddddddddddddddddddddddddddddd 


tt 

g<  6. 


ovomoo^^oc^^'^voo»na^o0(^^^t^ooo^^^^vor^vo^^ovot^cot^^cnior^'^1— I 
a5<scnco'^T^-T^'^'^u^^o»o^^:>vo»ov-^>ow^v^^ovo^ovo^o\o»n^n^ovo^^c^t^t^c^c^ 
coooooooooooooooqoqoooooooooooqoooooooooooooqoooooooqoooooooooooooqoo 

2ooooooooooooooooooooooc5ooooooooooo 


^^f^f^lt^ooooo^^T^a^cn^rivo^cncs^'^cn^riOc^^^o^'^0^^00'^c^oooo^**^o 

c«coro-^'^'^'^Tt»o>n»r5vovovo\Dvovc}vovovot^c^c^vovD'Osovor^c^r-r't^r^t^ 

noooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

2  dddddddddddddddddddddddddddddddddd 


oma\»nooooocot^r<J»nr^votn'^Tf'^<noocn'<tcno^o^Tto\fnr'ONOOot^ 

oocncorr-^»oiri*n»ninvoso'0^'sOvovovDsovot^r'C^t^vovO'0'Ot^r^c^ooooc^t^ 

coooqoqoqoqoqoqoooqoooooqoqoqoqoqoqoqoooqoqoqoqoqoqoqoqoqoooqoooqoooq 

2dddddddddddddddddddddddddddddddddd 


ou^o»oo»oo»no»oo»oo*oou->ov^o»now^o>notnow^ov^O'no^ 
c^<scncn'^'^^n*nvovot^t^ooooo^o^oo»*-^^c^^cscncn’T!•Tt^n^ovo^or^^^oooo 
vovovovovovovo^vovovo^ovovo^voc^t^c^t^r^c^r^t^c^r^t^c^r^r^c^r^t^c^ 
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PERKIN  ELMER  LAMBDA  9  -  BROOKS,  AFB  (AL/OEO) 
^  ISAMPLE2  I 
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940 _ 0,886  0,864  0,836  0,856  0,825 

945 _ 0,888 _ 0,865 _ 0,837 _ 0,857  0,825 

950  0,888  0,866  0,837  0,858  0,827 


r^r^r^SSP'r^oooooooooooooooooooooooooo^^oooooooqoooqoooqoooooqoo 

oooooooooooooooooooo  oooooooooooo 


ro  lo  ^  o\  oo  ^  On  ^  NO  co  cn  On  to  ^  to  on  fO  oo  vo  no  co  ^  no  no  to  ^ 

ONONONOOOO^OOOOt-Hi— (C^04cSCSCScS<NCSOiC^C^C^OOC^f^^OOrOCO^CO^ 
f^f^t^OOOOOOOOOOQQOOOOOOOOOOOOOOOOOOOOOOOOOOOO^OOOOOO^OOOOOOOOOO 

ooooc>ooo  ocsoooooooooooo  ooo  ooooo 


OOON»-^OOtO^CNlOOIONOfO'^0\^ONN000^^^^^^5;tO^^ 

p:J^rCt^5ooooooooooooooooooqoooooooqoooqoqoO(^oqoqoooq 

0^0  00000000000000  0  0000  oooo 


ON  ^  cs 

cs  CO  CO  cn  CO 

00  oo  00  00  00 

ooooo 


ONCvJ'^^r^NOtot-Hoot^tnr^^Tj-^ON’— itnNqcooNONco^^^^3t2o^l33CS2KS! 

On  On  O  O  O  O  ^  ^  CS  <N  CN  CS  CS  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^ 

’f^C^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 
^<00000000  0*0  0*0000000000000000000000 


(j^<STf^r-r^No^oooNvovoT-^Ttcn<N<NNOootn^^rtoooNoo^^^cnto^^^ 
t<ONSooooi“^’--'^^^cscNJe<ioooocscscNic^ooo3^^cs^^^c^cn^^^ 

^r^f^OOOOOOOOOOOOOOOOOOOOOOOOQQOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOO 

dddddddddddddd  dddd  ddoooooooooo 


otnotnotoovNOtnow^otootootnotootnotootoojoo^otqotn 

t/N  to  NO  NO  00  oo  on  ONOO^T^cscscnc^^Tt’totoNONOc^iSooj^^j^oo^^ 

!^^^^^^T^^^^ir!totototototototnto»otototototototototoNONONONO 
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775 _ 0.883 _ 0.883 _ 0^ _ 0.885 _ 0.872 

780 _ 0.882 _ 0.882 _ 0.879  0.885 _ 0.872 

785  0.881  0.88  0.877  0.883 _ 0.871 
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930 _ 0.869 _ 0.866 _ 0.865 _ 0,869 _ 0.857 

935 _ 0.871 _ 0.868 _ 0.866  0,872  0^ 

940 _ 0.872  0.869 _ 0.868 _ 0.873 _ 0.861 

945 _ 0.873 _ 0.869 _ 0.868 _ 0.874 _ 0.862 

950  |  0.872  0^ _ 0.868 _ 0.873  0.861 
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605  _ 0.856  0.860  0.845  0.853 _ 0.856 

610 _ 0.857 _ 0.860  0.844  0.852 _ 0.857 

615  0.860  a862  0.847  0.855  0.861 


sovoc^oooooooooo<7\asONO\ooooaNaNO\ooooq\q\g\a\aNOOOOO^ 

OOOOOOOOOOOOOOOOOOOOOOOOONONCNONOqOOOOONONOvONOOOOOOOqOOasONOSOsONO^ 

oooooooooooooooooooooooooooooooooo 


o^na^*or^r^^^o^0fn^^0'~-'^^ooo»ooo^'0^ovo^^o»n 
vo'0^ot^^^^^^^t^ooooooa^o^o^o^o^ooooooo^o^c3^a^o^oooo 
oooooooooooooooooooooooqoooooooooooooooooooooooooooo 

oooooooooooooooooooooooooo 


VO  O  05  ^ 

On  O  O  O  O  O 

00  Ov  On  Ov  ON  On 

o  o  d  o  o  d 


ivooNOO^Tj-r^ON^r^vovovNTtomoN^oot^oo^vo^oN^^gN^ 
io*nvovovor^t^r-r-t^c^oooooooooooooooooooNONONOooooooooooNO\ON^ONON 
oooooooooooooooooooooooooooooooooooooooooooooqoqoooqoqoqoqoooqoqoooo 

dddddddddddddddddddddddddooooooooo 


vD^»n(Smvo*nvoooo»nooooooNr^vooo^^oN^^^^ 

NOr^C^OOOOOOOOOOOOONONONOOOONONONONOOOOOONON 

oooooooooooooooooooqoqoqoNONONOOoqoooqoNONONONONOOoo 

dddddddddddddddddddddddddd 


o-  On  ^  cn  CO 

O  O  ^  t-H  T-( 

On  On  On  On  On  ON 

d  d  d  d  d  d 


TfaN^nO'«^^'^r^ON^»ooN^ooior^'oo-roNOco»oicsvD<ooo02*oooo5cno5 
sovDO^ooooooooooooOnOnOnOOOOOnOnOnOOOOOOnOnC^OOO^^^^ 

OOOOOOOOOOOOOOOOOOOOOOOOONONONONOqOOOOONONONONONOOOOOOONONONONONONON 

ddddddddddddddddddddddddddddddoooo 


o^no«oo^now^oioovNOVNO*ooioo»oO'novNO5npy^vQJ0Pl£}SIC^ 

0505COrOTi'Tt-in»/^VOVOO'0'OOOOONONOO^'»^04050*lcn^^*riVNVOd^^OOOO 

vDvovoNovovo'0^vovovoNONOvo'Ovot^O’0'0'r^r^O'0^i>r'r^f^r^t^t^r^5^f^ 
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OPTRONICS  MODEL  736  RADIOMETER  -  TEXSTAR,INC. 
I  ISAMPLE2  I 


ooooooo^^ooooNoovo’^’^m'Ot^r^iO’^^c^vir-oooooN 

0\a\0\0\a\0\a\0\0\0\0\a\OCQOQOQOCCOOOOOOOOQOQOQOOOOOCOQOQCQO 

odddddodddddddddddddddddoddddd 


(0^o^oot^oo*-<mcn^cNooooo^»-1voomr^co^cso^cNmfn^nO’— < 
oo^o^o^o^o^oooooa\o^r'vo'«:t^o*n'0'ovo»ocoo^'^^or-oooo 
o\ooooooooooa\a\o\ONO\oooooooooooooooooooooooooooooooooqoqoo 

dddddddddddddddddddddddddddddd 


«OTtco^1-|^'«?^m^ncnc^^oc^^o^C'5cs^^c^^rooo^c^Tl■mvo^or^o^T^vo 
o^a^o^a^o^a^o^o^o^a^o^o^oovo^omc^T^^ov^^o*^<NOOcn»ovo^^ 
oooooooooooooooooooocx3oooqoooqoooooqoooqoqoqooooQOoqoooqoooo 

dddddddddddddddddddddddddddddd 


oo^a^r^ooooo^c^^T-Ht-^o^o^^oo'^oooc^^'^oomt^vO'^oocNO'-^^^oo 

T-Hoooooo^-H^^,-Hoo\oor^»r>Ttsor^r^r^\OTfc<ioivoooaNaNaN 

a^o^a^a^o^o^o^o^o\o^o^a^ooooooooooooooooooooooooc50oqoqoqoqoq 

dddddddddddddddddddddddddddddd 


oo^oo^»•c3o^-^Ttcoc>^caop^o^oovocSTl■a^a^vovovoa^a^o^^vooo 
r-xoooooi— i^^^^oooor^iorj-sot^t^c^voTr<S(NV)r^o\o\ON 
a^a^o^o^a^o^a^o^a\o^o^a^a^oooooooooooooooooooooooooooooooooo 

dddddddddddddddddddddddddddddd 


0»r)0»oo»r)0u^0<oo»no»r)0v^ou^ow^otr)0<now->o»n0to 
a^o^oO’^’-HC^^cscncnT^"^^n^n^O'or^t^ooooo^o^oo^^c^^^4cncD 
r^^^ooooooooooooooooooooooooooooooooooooooooa^a^o^a^o^o^o^o^ 
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940  _ 0.897 _ 0,896 _ 0.875 _ 0.881 _ 0.890 

945  _ 0.899 _ 0.898 _ 0.875 _ 0.884  0.894 

950  0.899  0.898  0.876  0,883  0.893 


cn'^or^ONasTfcSTj-cr>cnooc^^ONO»noo^^^^c^oa\oooocN»nvot^voc^^ 

VO^O^*^^^I*^^^000^^0^0^0^000^00000000^000^’^’^'^’^^CN 

tStSc^PPPr^^S^^c^oqoqr^oooooqoooqSqoooqoqoqoooqoqtaqoqoooqoqoq 

oooooooooooooooooooooooooooooooooo 


vor^ooo^oc^'^f^^^^O'^ooc^'^^o»oo^o^vo(Sc^so^c^>^o^^^ooQ^o^o^’^^ 
^cStCP^^^^^^^r^SSoooqoqoqoooqoooooooqoqoooqoooqoooooqoooq 
oooooooooooooooooooooooooooooooooo 


\ov^^^ooooooooa^o^o^o^oooooO’~^^ooo^’— <’-^'^’^^^c^c<icncncn 
tt:r^P^^P:P^C^cCfCoooooqoooqoooooooqoooooqoooooooooooooooooooooo 
ooooooooooooooooooooc5ooooooooc5oooo 


ioc^ooO'<3*cs^ocst^vov^oocnm»^^'^^oo'Orr>^oocscooo^»nooa\ONpcN 
^fS^pIfSrS^^^^^^SSSooSoqoqoooqoooqoqoqoqoqoooqoooqoqoqoo 
oooooooooooooocJooooododdoooooooodd 


o^^Ttcoo^c^oovo^oc^<Nr-o\vo^Jnoo^ocoo^::20c<^w^vO'^(n‘r>^cS^cn^J;n 
v0r*^r^000000000NOO0NOOOOOO»^»~^’^OO»^’^^’^’^'^’^CNCNCNCNCN 
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dddddddddddddddddddddddddddddddddd 


ou^ou^ovr>ow->o>ooinOioo»no»no»oo»no»no^p^p^p^p^ 
»om^o^oc^t^ooooo^a^oo^T-(<Ncscnm'«:^'^»^)w^vovo^^t^ooc»o^o^pp;r-H^ 
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775 _ 0.876 _ 0,874  0.876 _ 0.873 _ 0.873 

780 _ 0.875  0.872  0.874 _ 0.872 _ 0.870 

785 _ 0.874 _  0.872  0.872  0.870  0.869 
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930 _ 0.859 _ 0.867  0,867 _ 0.864 _ 0.863 

935 _ 0.878  _ 0.872  0,878 _ 0.868 _ 0.868 

940  _ 0.884 _ 0.877 _ 0,881 _ 0.868 _ 0.868 

945 _ 0.865  _ 0.867  0,870 _ 0,869 _ 0.871 

9501  0.8771  0.876 _ 0.882 _ 0.870  0.875 


EG&G  RADOMA  SPECTRARADIOMETER  •  ARMSTRONG  LAB  (HECV) 

I  [samples  ^  I 
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605  _ 0.595  0.591 _ 0.595 _ 0.595  0.634 

610 _ 0.664  0.663 _ 0.666 _ 0.668 _ 0.665 

615  0.683  0.685  0.691  0.691  0.612 


EG&G  RADOIV^  SPECTRARADIOMETER  •  ARMSTRONG  LAB  (HECV) 
I  ISAMPLES  I  I 


oOl-Hu^^coT^vno^o^nO'^oooo^c^vDc^o^o^vovo^^^n^/^cnq^oooo^^oo^oo 
JnSS3vr>v^vovo^nvSin»nvow^v^*nu^vqvq»n'^,  wnv-^v£>»ov^Tt^»o»oiotri'^Tt 
000000000  0*000000  0  0000  0  000000000000 


o\»ONOcsor<^w^»0'^^^'OOa\cou^m»noo<NTt<so^c^^CN;oc^oooojoc<^;-H 

vou^vovo'Ow^w^'Ovotov^invovDvovnv^w^vo'O^^v^u^^vow^'^'^^^^^^ 
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or^c^ONcnsor^^oo'sOoo'^cov^Oc<icsoo»ofrj^o\or^coocN^^<Np’^^^ 

'0»o^'>Ovov^>/^pp^w^'0'pvovovrjv^»0'pp*r)'^iov^vovoir>'^Tj;v^sO'sOir>Tr 

ooodoc5doodoo*oooooo‘oodoooooooo*ooooo 


or-?3oo^SS^SPoo^csvoocs^t^*nmv^ooo^cnpc^^r^<Np^jn^ 

ddddddddddddddddddddddddddddoooooo 


SKSSS^ntnvd^»n»n»n^vov^in»n»nvqvq'nTtw->v-ivq»oinT:}-'^<ovDpw^^ 

dddddddddddddddddddddddddddooooooo 


o*ooHriO|m|oinoiriOv^o»nomo^o»np*r>oioo^pj^pjno|oo;n 
cs  c<i  ^  ho  ^o'ovor^^^ooooo^o^oo^'^cscscoco;^;^JOJo^^t^t^oooo 

VO  VO  vojvo  vojvolvo  vo'ovDvovovovovovo^c^t^c^c^r^f^t^c^r^t^^r^f^t^f^*^^ 
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940  _ 0.496  0,513 _ 0.500 _ 0.513 _ 0.424 

945  _ 0.439  0.476 _ 0.466 _ 0.458 _ 0.376 

950  0.406  0.412  0.412 _ 0.415 _ 0.360 


iD^oo^crjcnt^oooN'OOooocS'— 'Vo^^oo^^^^co'T^ooT^^ooor^o^^|oo^CNO^w^oo 
.  wa  rrcnooc<iTfOONTtoomr^cr>vooo»nooas»n^<scsc<ir^a\vococso\q\cs^t^<»cn 
D.  c  T^tnTtvn>/S»o*n»riVivoiovovov^vO'OV)'or^'Ovor^voiovot>vow^voi>vo»ovor^ 
j22odddododc5ddoodddoc>c5dooooc5dodc5ooc5od 


O  a 

3  '2 


'^oo^<N^^ooo^voo^^o^^^vovoooo^or^c^c^^OT^'^r^c^^^O'^r^c^^a^covo 

w’^cnooc^^’T^oa^Trooc^^ocovooo^nooa^»o^csc^^r^^r^o^vococso^q^cST^c^qocn 

c3^iOT!;w^u^w^»o^^'Ow^vq'Ov^vovov^'Or^vovqr^sov^voi>;VO*o'Oi>vo»ovor^ 

Soooooooooooooooooooooooooooooooooo 


05 _ 

1^  CO 

2  d 

2  ^ 

»  r_i  Pm 


_  I  I  ■ 

^"o  "o '^’o"o~'ON ’o’~'o”co  "So  C^^^000Ot^CS^C^V0'^v0f0^O^00000^00 

co»ncnoocs»oooNw^r^'^r^<NsoooioONO'^cs<Noicsr^CT\vococrjO\^co^i>c^cn 

c<^iOTj;iovr>ioinio<nvcu^vovo*/^'Ovovo'or^vovot^vo»ovor^vq»/^voc^vov^’Ot^ 

SoooooooooooooocJooooooooooooooooooo 

4-> 


'^o^»ooor^c\o^ooocsov^^^T^^^ooovoo^^^o^vov^'0(NOcs<N'Ooo1— ion 
c«^nmooc^J^Oa^'^t^'^t^co^Doomo^O’^cNcs<Nc^lc^o^vocncnq^o^cnT^t^c»cp 
C'^in'«?!^iotn»n<n»o^nvo»n^«o^»nvo\o\ovqr^'Ovor^vo»nvoi>^*ovor^^NC>u^vqt^ 

Sooooooooodooooooooooooooodoodooooo 


H 

O——- 

s  ^ 

&)  O- 

CCl  a> 

O  W 


■^1  ol  ol  vol  onI  oI  r^l  On  I  On!  oo  I  ol  <N|  Chi  v^Fr^  Tfcs^c^oi>C'it^ONVo>nvocoo^<sr^oooo 

C'^tn'^<ri»o*o»o'ov^vow^vovov^'ovovovof^vovo!>vov^'sor^v£jirisor^soio'sor^ 

Sdddddddddddddddddddddddddddddddddd 


ow^ou->o^oOioo^no^ol»nou^o»no*r)0*no»nO'now^o^Qino^n 

io»ovo^or^t^ooooa\aNOO’-H^c^<Ncocn'^'^*r^»o'ovoc^r>j»poo^o\ooj^j^ 

m  Ur>  «nir)iomir>»r)»nm«nwo»n»nv-)w^*ntn'ovovc>vo 
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775 _ 0.651 _ 0.650  0.648  0.648  0.650 

780  _ 0.605 _ 0.607  0.606  0.601 _ 0.601 

785  0.505  0.505  0.505  0.500 _ 0.500 


oco»r)C^oo<NcScnoovomooooo\aN»no'O^OTtoo*oro'«:fvotnooTf 
CO  mc^^^^lncso^oc^^o^»— ic^’^ON’Tfmoomr^ou^a>ovoomcofnvo 
G  T:t'^'^<nvoiri»OTtrn'^Ttininto'^cococOTt'^'^»OTtrj;focncor^ 

2oooooc5oooooooooooooooooooooo 


.cn'^^soa\coTfoot^csoo\Ooo^ooooiO'«:J-cnvOTtmTj*vov^ooco 
«3  cocar-»nr-HONO<Na\»-^r^'^o\'^vooo*»^r^o»nONOvoow^r<^fo^o 
c  TtTt'^invomv^'^cn'^Tf»n'o»n'^cncncnTj-^-^in'Tr'^corocncn 

Sooooooo’ooooooooooooooooooooo 


C/) _ 

M  fO 

s  a 

«  2  (2 


o^Of^>c^^c^vooOl--looo^^ncnOTtu^»noo^ocnO'^'^vor^oo^o^^^ 
CO  mcsvomr-(o^omo^osor^o^^^>vooo'^c^o^oa^ovoov^cocovo 
G  '»;^'^T^^nvov^^rir^cnr^-T}•tn^^>»nTl■mcr>cnTfTJ•TtmTr'^cncorom 

HdodooddddddoodddoododdodoocJd 


_ I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  I  i  I  I  I  I 

^m'^oocooooooovoo^'OONOooNC^^'OTj-i-Hvovosooooovooooi 
CO  coc^^vo»ncso^ocno^^vo■^oomv^5oo^or^o»no^ovoow^comvo 
c  Tt’^T3-»ovo»ri^TfmTt'^ioin»nTtcocncn'^’^'«^»o^^^cocorofO 

2  dddddddddddddddddddddddddddd 

•4m» 


vO'^oocno^'Oo^^ooo^o^oc^l»nvooooo^O'^c^vovor^ooo^'Ooor<^ 
CO  cocs\o<ni— l0^omo^'^vOT^o^*n^ooTl■^^o«ri0^o^oo<ocncn^ 
G  ^'<^-Ti-»n'0»riw-)^cn^Tt»nin>r>Ttfnfnco^^'^>0'^'^cococofO 

2  dddddddddddddddddddddddddddd 


o^omow^ow^ov^o'oo^nomo^oow^o^no  o  ho  Q  m 
a\0\oo^^r<icMcncOTfTtm>ovovor-i^oooooNONO  o  ^  M  r<i  (N 

r^t^OOCiOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONON 


OOOOONONOO^’~^C^ICS 

ooooooQoa\a\0\a\Osa\ 
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930 _ 0.408 _ 0.408 _ 0.407  0.410  0.411 

935 _ 0.465  0.464 _ 0.464  0.467  0.469 

940  _ 0.507  0.507 _ 0.506 _ 0.507  0.509 

945  _ 0.504  0.504 _ 0.502  0.500 _ 0.502 

950  _ 0.456 _  0.456  0.456  0.452  0.453 


m^coTtu^r-isoooinv^r^O^r^oor-fcncn^oooovoc^'^Ocooo'^ooo^mcN 
.  c«^oc^»or^^1--^o^ooT-<^^»-^’^csc^lvo^nm^^'^oooo^t-Hcnc^vDOoooo^q^^^ 
D.C'Tt-»o*^ioin'Tfiniriinvqinvqvo»ovqvou^vc)vqiovqr^vq»n^qr^*o^ovovo»o 
^  w  oooooooooooooooooooooooc>ooooooo 


Tl■^^oc^^^^c^^>v^c^^cN■^o^cS'^»ovoo^^^o^w^corHot^oooa\o^r^ocn 
.  CO  cocs^^csoNoocsr^^Tj-c^mvo'^vot^’^ONON^T-t'^c^^ooaNC^ooooo 
p-C'^m'rf^ntnTf»n»ninvo*o'0'Otnvo\o^nvovo»n'or^vo»nvot^m»nNOr^v^ 
^2doddddddddddddddddddddddddddddd 


.Tj'r-*r^'<toooooooocnt^o^'^^t^'^^r40Npooc^vo^oo^^oo^jn 
cocncs^ncS'— iOoot— looi-HTtcncovo^ow^c^u^ONoocS'— 'cor^r^ooNoooNONi^ 
c«<^iO'^m»nu^io»n»r)vo<nvovo»ovq'0»ovovov^vor^vo^'pi>v^»ovpvqv*) 
Sooooooooooooooooooooooooooooooo 


oo^csvo^cno4'^csascscsr^o\ooTtomoovocnca^cscn'^aNr^^^'^ 
cnmvocNdoas<soO’^»nfncovow^voc5omoNascso4^oot^^ONooopoo 
'^»n'^_mtnio^nw^iovo»nvovqw^vpvq»nvDvqinvqr^vqinvqr^u^*nr^r^in 
ooooocJooooooooooooooooooooooooo 


^0»oo^ooo^^<^voo^ooo^^ntn'<:I•u^cnoOT-^co»r>c^^^^'^^^moc30^vo»oo^ 
.  CO  rtcsincoi— ^1-Hoocsa^ov^^csc^^^'^oot^ooo^T^r^^^^^ooo^oooO’— loot^ 
o.c3rj*mTt»niomio>o‘r>voinvovoiovovoinsqvq»nsqr^vov-ipc^»ovqr^^pv^ 
^  2  ooooooooooooooooooooooooooooooo 


o«r>oiootno»nov^oioo  *o  o  Mo  o  »n  o«ootoomo»oo»no^o 
^n^ovo\o^^r^ooooo^o^oo^  ^  cn  cn  cnlco  -^Ttmiovovot^r^ooooaNaNO 

lOMonnholtn  »o*n'ninv^w^»o»nv^*n^»ovo 
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605  _ 0.590  0.574 _ 0.570  0.567  0.567 

610 _ 0.713 _ 0.693  0.691 _ 0.679  0.688 

615  0.702  0.719  0.712 _ 0.713  0JO8 


PERKIN  ELMER  LAMBDA  9  - 


^OT^Ttc^^^nt^^^^O'^^ooOr-(ooo^ooooocNO 
oo-Trcnr<imc<i'Tfvooa\Oc<i;^o:\a;\aNooj:^c^jn 
in»nvor«-vo*o*nvqt>»r>in<o\qvo»n'^'^w^,  'Ovq 
OOOOOOOOOOOOOOOOOOOCS 


Tj*ONOO'^w^o»nt^vooot^vo 
r--ir>'^cvj^’^mONO\fovovo 

oooooooooooo 


oovovoo^^o^oovo'^vocst^csooc^C'i^vor^O'^^^^oooo^^ooc^vor^ 
*n»r>\ot^vo>r>vS\or^^wn»o'Ovovovo’^v^\qvov)'^^v^vpvO'n'Tt;'^, 

ooooooooooooooooodooooooooocSoooooo 


o^vo^^vo'Oo^'^w^ov©o^»“^Tl■^fnooc^^'Of<^^^vo^^’— I’^t^oo^oooocsospo 
QOT^mr>JcorvlThv>Qy— tg\Oco^OOOONr**C^y^c*^VOr^VD<<!>CNl^^cOOO;*j;VOvp 

ddddddddddddddddddddddddddddoooooo 


rs/-Noocsoc<ivnr^ooc^vo»rivo»nr^r^<Noo*o»oOT-4\oc^^^'o»or^5\^2US^^!l2?iP 

.  W5  ONW^’^cn'^ro’^voT— 'O’— •coTto^ooNt^oovo'^r^oovo^cojN^^oo^c^^ 
cxctovovor^'o»ov^'>oi>vow^tovor^'o^o'^w^^o^»o'^'^wo'0^'0'^'^*o'ovqv^^ 

^  2dddddddddddddo*ddddddddddddddoooooo 


^^^o^cn^ooot^OTi-cn’-'csoor-r^a\voa\ooovq<»2}3:S^^^S2:7^C2i2;Svn 

^2oddddoodddddc5dddc5doooooooooooooooo 


m 


o»no^no*oow-i0in0in0‘i^o»nov;50w^p»no»no^ojnojn0}nojn 
cNcNcnm^'^io'nvovot^r^ooooooNOO’— '’^<s^£^^co;^;jjojn^^r^^oooo 

vovovovovovo'0'0'0^'>o'ovo^vovot*^t*^r^i>r^t*'r^r^r^r^t^r^t^f^t^f^^^ 


74 


PERKIN  ELMER  LAMBDA  9  - 


(Sjt^t^t^»o'^oco*ocn^c^t^a\oor^oo^r^c^<scsvo^*ooooo^vcio 
,-^^r-.vo^vor^ooo1-loo^ooo(Nf^o^*o«n^-cNooo^ooT^^1-H'^oo^ 
■^-^Tttn\o»n'^-^cnTtTt»n»n»n'^f<^cocncn'^'<!tiri'^Ttrnfncnfncn’^^ 

ooocJoooooooooooooooooooooooooo 


oooo^aNmc<i*-H^oor-(i?tc^TtT:tr^csr^ov-iiocsr^rj-t^ooaNOcnco 
'«^Tt^mvo»n*^Tt*coTtTtioinin^TtfomcoTj;^w^'ntTtcofncncorO'^ 

dooooooooooooooooooooooooooooo 


0'^oa\Ooovo^vor-w-icn'^ooaNCvics»oi-'CSas^m^ocsrn^^^ 
c/5  ^tst^r^’-^vot^OooT-Hoo\ooNfncnovotooocooor-HC^Ow^<NcS'^aN<o 
Crtrt'«tv^vo»n*^'<:fcn'^'^tn»n<n’^'^cncncn'^’^»ri'^Tfcnrncnfnfn'^ 

Sdddddddddddddddddddddddddddddd 


cs^O'^cscscn’^O^^ooinvocS'O^’^ONm^'^rnr^Oi— •cNcocnvo^'^ 
.  e«c^^csoo^^cst^oo^a^^oo^oa^m'^^vovoo^'^0(so^<sv0focn*ri0vo 
O.Cxt'xl-Ttmvo»nT};'^cnTi-'<;l-‘o^ov^Ttrtcofoc<^’^»n»0'^*^fnfocncO’^'^ 

^  g  dddddddddddddddddddddddddddddd 


*-HOr^’^^ooc^csoc<5cnooONcnoov^i-Hco]^a\^^OOp;^^oot^O^ 
.  ^cooooi— ^lr>^ooa\cso^r^oor-^c^^<soooo^^>^^'^c^^<l'0'«!t'^r^^^ 

o.C'^^*n*r>\o«n’^’^cnTrTi-m»o»0'^'^com'^Tfio»OTfTtcncocnfO'^'^ 

iy  Sdddddddddddddddddddddddddddddd 

Cu  <4-> 


tno»oo»oo«now^ou^ow^o»now^Oino<no<no»op<no»n 
a\oo^^cS(Ncncn^’^»r>»ovo'Oc*^t^ooooa\o\oo^^cscscn^ 
r^ooooooooooooooooooooooooooooooooooooooooa^a^o^a^^o^o^o^ 


940 _ 0.536 _ 0,515 _ 0.501 _ 0.504  0.493 

945 _ 0.526 _ 0.519 _ 0.503  0.511 _ 0.496 

950  0.473  0.474  0.458  0.470  0.452 


(j-:v^Trin>r>v^'o*o»r)voinv£>vqv^vovq»ovq®w^vqr^Q»ovor^u^ioi>r>;in»nr*^t^^ 

f**^  f— ^  C^  f— ^  f— ^  g*"^  c'^J  c^'j  c^  c'”j  c'^b  l7^-> 


d  d  d  d  d  d  d  d  d  d  d 


'C^ONC^T-Hvoir}incsr^oo'^ooooo\0\«ncnc^o\ppooo 

oddddddd  odddddddddddoooooo 


<s  cn  m  ^ 
r-  On  cs  o 
m  »o 

d  d  d  d 


oot^o\f<^ONON'^^'^NooN^cnoooNON'^ONr^O\v^cSr-H^^r^co^cn^^^aNt^ 

»n?)»/*)*riO(SONC^^ov^Noc^moo'^oovocgv^joc252S^SoSSCSiSSbSo 
ddddddddddddd  ddd  o  ooooo  ooooooo 


vncoNO’^^csvo^oovoincsoor^voooNOooo\TfcNcsoNqN^»op^c»c^ONj;^(^ 

^SnTtIri*rNV^^»nvoNO*oNONO»nNOQ»n^Np'r)vot^NOv^NqNO<3Vor^vow^u^r^^ 

dddddd  dddddddd  d  dooooooo  oooooo 


^ON<Nco^c<^Tf»noovooomoo'^NO^ioONONg^»nco^^o^joj»^oo^oo^j2^ 

dddddddddddddddddddoooooo  ooooo 


oiriOv^o*oo^oo^oovnov^o*oov^o*/^ow^O'Qpjopw^p^pjoo^ 
l/-\  \rb  r^  r*«^  00  00  ON  ON  O  O  ^  CS  CS  CO  CO  ^  ^  *0  NO  NO  00  ^  O  O  ^  ^ 

^'^^Tj*?^^Ti-^^u^!r>m»nvN»n^«nvNVN»nm»nv^w^u^^wo*nu^NONovoNo 
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cnvoTl•oo^ooc^csa^c^'0^^vo^^ovoa^raooo^^oc^^'^'-^o^v^co^^^ 
o\io*ncnTfr<^»noo»-HO^'^'nc^ooaNOOooio^r^oor^vDcocs-^;50 
*o»ovor^vou^»n^c^,  vqininvq^sq*n'^»ovovo»OTt;Ti*v^vqvo*0'^’^<o 

ooooooooooooo  oooooooooocJooooo 


^^cM^Tj-^oooN^r-'-HcnmoooNOOin^r-r-oor-^ONcnTj-r-^jn^oo 
oo'ot^r^c^coMi!5aN^oo^ioi>ooooNOOQ'^csvo5^»or*^<sO'^^cs<N 

ooo  ooc5ooooooooc5oo  oooo  ooo  ooo 


vocsvovor^ONC^^ooc500N^c^TfcS'^vD'^ON‘^c^«ncncncnt^»o^|o^gN 

c^vor^cr>i-HCNjiooof^o»nt^oooo\ooo\'Ocsvog\aNr^’^H£r'^<^fy 
OOOOOO  OOCJOOOOOOOOO  0000  0*0  oooo 


cnfnvooN'^v->oo^'^oo»n^ooaNaNCS^t^ON^^r^^u^:^aN^»n°2^®^ 

oo\ovocscsco^oa^ooo^^ovoo^w^ooo^ooT^c^t^a^oo^£>^^^^’~‘.^ 
u^JnsDr^votn*r>voc^iow^'ovovo,^<o<o»ovo^£)»ortTtiovo\oiOTr'^«n\o 
OOOOOOOO*  OOOOOO*  oooooooooooooooo 


tr>oovocs^vor^v^»nc<^o\c^oocsw^vooo»n'^'^oor^o\csoo^vo»o^rN'^ 

'0«n\qr^vq^n«nvor^^»n'nvo^sq»nTt<nsqvqv^Ti;'^invqvq<n'^Tf'^v^ 

ooooooooo  ooo  ooooooooooooooooo 


ov^o«nov^oioov^o^nov^o»n05no*op*nov^ojnS!C}S!C32 

cscsmcnTtTt<o»r>^voc^t^ooooa\a\00’-<^c^r^cncn'^'^»n»ovovor^ 

\ovovo\0'ovo'0'0^vo^vovovovovor^r^r^t^i>r^r^r^r^t^r^f^r^r^r^ 
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775 _ 0.655  0,644  0.649  0.653 _ 0.652 

780 _ 0.604 _ 0.563 _ 0.556 _ 0.564 _ 0^ 

785  0.495 _ 0.467 _ 0.457 _ 0.463  0.477 
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930 _ 0.409 _ 0.441 _ 0.446  0,445  0.429 

935 _ 0.477 _ 0.501 _ 0^ _ 0,509 _ 0.495 

940  _ 0.526 _ 0.525  0.531 _ 0.533 _ 0,529 

945 _ 0^ _ 0.493 _ 0.492  0.497  0.506 

950 _ 0.465 _ 0.431 _ 0.425  0.431  0.445 


79 


60S _ 0.603 _ 0.603  0.595  0.584  0.607 

610 _ 0.699  0.699  0.665 _ 0.658 _ 0.684 

615 _ 0.718 _ 0J16  0.729  0.711  0.728 


'«^r^covot^r^cscscsm^voooaNoooomco^c^ro<ownomcS’-Hiooo^^ocs^ 
Ti’00'^cQoooor^^ooJinvo»ocno»nv^<soor^ooO’— 'Or^^voooa\vD^o^<Nc^ 
NOxnSt^vq*r>^^!>vq*n»nvot^vq»nu^w^^vq^tninv%vqvo<nTi-'^tovovq'0»n 
cSooooooooooooooociooooooooooooooooo 


r^Tl•oofno^r^c^^'7^ocoo^o^c^ooa^o^^-^Ocovor^o^-o^oo»noo^no3w^ocovq 
vovnvor^vo»n>n^r^vow^w^^'Ovoin»nv^vqsq»ov->’^invqvqiO’rfTtTttn\qvqin 
oooooooooooooooooooooooooooooooooo 


oooiovO(Na\mo  cjoioo  T-^voc^^cocN^cnT^c<^cNt^a\0^w^»noooooo^a^c^^y^g^ 
voto'sOr*^r^u^v^vot>\ou^'0'or^vov^in^o\pspvo»0'^iovovc>iniO'^Ttinvq'0»rj 

oocJooooooooooooooooooooooooooooooo 


^vooon^^on'^^’— i^oocscoc^^cSri-^Ofor^vocoom^Ti-c^ONcoTt'O^ 
vpKvqr^vq^^^t^vqvS»o^c^'0<i^^oio\qvo»riTt>/^»n^vow^'^Tt'ovovo^»rj 

oooooooooooooooooooooooooooooooooo 


cor^Ocnr^r^’— 'oom»oc^csvoooi-HoosoaNooi>t^c40ooooovooor^u^Qc<iQ^t^ 
csoovocovDr*^ooi>^(N"^^w^oromr'<asoot>r^OT-<oovo<n»oc^vocscsvooo 
\oinvqr^vq»n»n^t^vp>/Sw^'Ot>vpii^<niovovqininu^invo^u^'^'^w^vp'sqvoto 

oooooooooooooooooooooooooooooocSooo 


ov^o»n04now^ow-5ov^o^omo»oo»nov^ow^ou^o»n04oov^o»0 

oicSrocnTr'^ir)W^vovor^r^oooooNaNOO^^c<J<smco'«:}-Tt»o»nvovot^c^oooo 

'ovovovovovo'ovo^vovo'ovovovovoi>c^r^c*^t>r^r^t*^r^r^c^r*'r^t^c^j>t^t^ 
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OPTRONICS  MODEL 


ot^»-«ocscnONW^’— •^voc\Ooovr)ooo»n^^oooNt^t^vo^ococScow^ 
vO'^o^r^c^^csv^c^fnoo^no^oooo^'r-’~^r-c^^cnoo^vo■^»noo^a^ 
TtTr'^iovO'0*rj'^'^Tf-^mvoiO'^'^cncn'^Tt»nin^Tj;rncnfncn'^-^ 
00000000  0  00000  0*000000000000000 


Tt‘VOcna\»n^ooocou^a\CN^c^cofn'^*r>r^oo-^^vOTfTfcnr^^oovo»n 
*r)ro^^'^^ocs»n^^vo■^oovoooo^^a^'n»-lC^oo^vOTf’^vo»-H^^ 
TtTl•'^»nvovo^n*^’^’^T^^ov^»0'«;^T^cncncnT^»n^n^’^fnfncnrnTt'^ 

ooddddodoooooooodooc>o‘ooddododo 


csu-)oo<Nco’^csovor^cocnoo^f^csr^cso\TtcnoNrsJcna\c<io^voo 
r-‘rft^mcsics»or-'CNcNr^’^o\ooocNr^t^ON^^cnOfnr-»n|o^^t^ 

dddddddddddddddddddddddddddddd 


*r><ooi><Ni— 'cn'ocor^^v^ooooooN’— ^oom^^^^o»ncno^oor-HO^^^ 
'«^'^ooofna\0cnr-<foor^0'^vnoovot^c^oocornvoa\'^cn»nc50'^0 
^'^mw^^o»n*n'^'^'^»A»n'0«ri'^cof<^coTtTtinv^Tfcncncncncn’^<o 

dddddddddddddddddddddddddddddd 


oooo'^Ooovoa\^r^ONioONVO<N’^roin^v0^cnt^csou^^vo^cocn 
Tt'T^oo^fno^OTl•»-^coOE^o»nvoo^^oooc^o^'^cn^^ou^'^u^a\«n^ 

dddddddddddddddddddddddddddddd 


IPf 


<oo»oov-^o^no»nO'no«oo»oow^ov^o»riO»nou-^o*nov^ 
o^oo^▼-'(Nr^^mm'Tt•T^*o*o^o'Ot^r^ooooo^o^oo^^cscs^^ 
^^ooooooooooooooc50ooooooooooooooooooooooooa^a^o^o^a^o^o^cy^ 


81 


940  _ 0.544 _ 0.537 _ 0.527  0.520 _ 0.538 

945 _ 0.524  0.515 _ 0.538 _ 0.522 _ 0.533 

950  0.464  0.457  0.500  0.479  0.483 


TfTt'^Jri'^»nirimvo*nv^vovou^vow^^r^NOv^vO'Otnvqc^vqv^vor^vov^'Ot^vq 

oooooooooooooooooooooooooooooooooo 


cn»not^vo^ONOO^aNfn»osor^cnvoo\^\ooo^TfTj*vocScnq\'or-'^o^^^ 
Po\SWr^»o'^i— 'csu^r^v^r^asooa\ONOcsooq\oooocscscn^jocj^jo^^^ 

ooooooooododoodooooooodooooooooooo 


csr^o\oor^o\^oo^0fovooor-*‘^ooo\^ooooovo»ovqcor^p;^r;^o^3^^c^ 
c^o^lor^^^»o^csvor^lot^o^ooo^o^ocsooo^oooocs<scn^^^cs^^O;^^cn 

dddddddddddddddddddddddddddddooooo 


cst^ONoot^ON^t^’— 'Ocs^oovo'^ooo^^l^r^ovolr>^r)covoq^c<^r^a^o^^^^ 
^^'^S'^*n»n»n\qxntnvoir>'ovow^*nr^voin\o\qinvot^'0»nvor^vqv^vqr^vo 

dddddddddddddddddddddddddddddooooo 


TtooNKo<N^cor^o\<T>Tf<Nc<ioop^po^aN^rnr^po^r^g\c»<s^ 
t^CTvv^'^r^v^'^'^^^t^^f^ONOOONOON^oocNr^oocncscsvDjnc^;^ 

dddddddddddddddddddddddddddooo 


omomOinotooinou^Ov->o*no*no»no*no»0P5PQ!f^55CSiG5!fI^ 

^/^^/^so\ot^^^ooooo^o^oO’— <»*^c<Jcscoco'^^»ou^'0'>or^r^oooooNO\pd]-^^ 
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'^csvocn'^t^voo\i“i*n'^'^ir}csow-)c^c^ON^c^oov£>vomOcn^oa\m 
ir>o^oovocnc^r-^Tfcocs^O'^cno\^nvor-r^oor-'^’^w^«r>^^g\oojn 
*r>vor^'0«r>u^vot^vo<om'or^vom'^iovovo»n'^'^w^vo^»n'^Tt'^iovq 
odododdddoddddoddddoddoddoodddo 


cnovoc^oi'^*ooooNmcSi-HTtr-^o\cor-HrHr^csi»oiO'^'^’-^ooooooor^r-i 
too^oovocncs^cncoc^’-'O'^csoN^^oc^r^oot^Tf'^in^vo^oooo^n 
ir^vor^somu-ivor^vom»rivor^voinn*in^vomTtTj“«nvqvq»n'^’^'^v^vq 

ddddddddddddddddddddddddddddddd 


'^owo»nvo'0*oaNcnvocni-HTtiocsvO'^oor^ONooio^»nfn;^ooor^;3* 
ino^oovocnrNi^TtmcS*-^o*^fna\*ovDoot^oot^Tt'^»n'n^'^^oo»n 
»nvoc^voin*n^oc^vo»r)iovor^vo»n^mvo^<n'^'^»nvovq^OTf'^Ti;*o'0 

ddddddddddddddddddddddddddddddd 


cno\tOTf'^»ncooocsm<sa\rfcni-icna\osaN'^c^'OcO'^cn^csooc^^3^ 
tr>o\^oo^fnc^^'^cncsoO'^cnoN'^*nt^r^oor-'^'^'o»n^^oopojo 
»ntnr^vo»n*nvot^vo»ou^v£>c^vo»n'^^»n'ovo*0'^-^»nvq^qw^Tj-Tt^^ovo 

ddddddddddddddddddddddddddddddo 


^inr^»naNr^ot^cn^v^vOTf'^m>ot^*o»or'*na\Oasa\'^o*-HCN^CN 
mO’-'r^mcnm^cnfncs^ocn<NO\»nvot^voooc^mrfTt-^^;^^qNjQ 
irjvoc^vow-iiovot^voto'n^ot^voiOTt'rivovcv^'^'^tnvo^^, 
odddddddddddddddddddddddddddddd 


o»oov^ov^o<now^o»oo»no»oo»no»no<^o*nov^o»nov^o 

CNjc^cncnTrTf»r>»r>vovor^r^oooooNO\oo^^cNcscricn'^'^^»ovovor^ 

sovosovovovo'O^^^vovovONOvovot^c^r^r^t^r^t^r^r^r^c^t^r^t^t^ 
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775 _ 0.592 _ 0.599  0.601 _ 0.597 _ 0.599 

780 _ 0.490  0.496 _ 0.498 _ 0.493 _ 0.495 

785  0.429  0.429  0.431 _ 0.429  0.431 


r^voc<Joo^c^o\^r^vocs'^vrioo^mo^<N<svDoo<r)’— 

'OtOTfcnrocncnrO'^ 

ooooooooooooooooooooooooooo 


^fNj^rt-jvor<ioo^mr^a\<n^t^'^r^'or^oovoTtr<^vovooo<s^ON 
c<^^^voo^ooo^^o^^^^'oa^'^^nooTt^nT^•'OcNcsvoooc^l— icnr^^ 
Tt'^m'Ov^'^'^^cn'^'^w^v^'OTtrncocncoTttninrj’rncococncn’^ 
ooooooooooocioooooooooooooooo 


T^coc<^vo^r^co»n^oo^^c^^ooo^o5t^r^oo^^cs^o^^o 
^c^^csaso^c^^o^T-(r^voo^v-imoo^o»ria^r^m(r^t^o^r^■o^c^^^^ 

oooooooooooooooooooooooooooo 


csoO'^ooTf^fn'^vooo»riO^'Oro\ovot^r^oq^w^^r^o\pc^ 
^r^®^oooNCSaN^c^^aN*nvooo»ov^a\vocsoi^a\'^i-tcsr^c^ 
'^'^iovoin'*^TtcOTt;'^>o*o*rivocnrnrOfn'^»otO'^corocofOrO'^ 
OOOOOOOOOOOOOOOOOOOOOOOOOOOO 


'^r^oor^cnooooTfoo’^^oc^^^vot^mTtv^O'^^t^'^t>oo;^g^ 
<Nr^'sOc^oooor-Has»-ioovooNTfiooO'^w^aNvocnc<i\oooco^csr^^ 
^cnTtTt»n»ninTtcncocncOT^ininTtcnrncncncn’^^ 
ooc>oc5ooooooooooooooooooooooo 


0'nomo<n0in0inou^o»nou^0«no»no»op^0»op*ri 

o\Q\oO’— '»~<<Ncsf^cn’^'^»o^'«ovoi>-r^ooooo>aNOOi-H’»-H^^ 

t^^>ooooooooooooooooooooooooooooooooooooooooa^o^o^o^0^o^ 
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930 _ 0.496 _ 0.489  0.490  0.495 _ 0.493 

935 _ 0.530  0.531 _ 0.532 _ 0.526 _ 0.526 

940  _ 0.503  0.511 _ 0.510 _ 0.501 _ 0.502 

945 _ 0.436  0.443 _ 0.442  0.439 _ 0.440 

950 _ 0.382 _ 0.384  0-384  0.378  0.380 


EG&G  RADOMA  SPECTRARADIOMETER  •  ARMSTRONG  LAB  (HECV) 
I  |SAMPLE4  1  \ 
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605 _ 0.832  0.835  0.836 _ 0.840  0.830 

610 _ 0.836 _ 0.838 _ 0.839 _ 0.847 _ 0.835 

615  0.838  0.841  0.841 _ 0.849 _ 0.831 


.  CO  I  CO  fncococo^^Ti‘iriv^»/^vovovovovot^r^r^oooot^r^iSr^t^oooo^oo^osoog\ 

ciJcSSSooooSSoqoooooooooooooooocsooooooocjooooooooooooooooooooooqoqoq 

E  2  <=>  oddddddddddddddddddddddddc>dodoooo 


^lasla^ONl(N|volr^|co!r^|^|r^|'^lo|ON|a\l'o|r^|'^|oo|oo|^|rH  cNcs^ON^osoo^^^-i^ojr^ 
.  CO  T^■'^'^^o*ov^vo^oc^^^l>oo^^^^ooooooooooo^o^o^o^o^ooo^ooooc^g^o^^o^g\ 
cL  c  oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

o  g  oooooooooooooooooc5oooooooooooooooo 

Pi 


co^*nioascno\Oc<ii-HOcor-»ncnr^c<icvi^cocs^»ncn;5W2^^£NO^oo^a^ 

^x:^^^^J^J^v^^t^t^{^f^f^oo(^oooooooooooooooooooooooooogNa\oooooo 

SSSooSoooooooo^oooooooooooooooooooooqoqoooooqoooqoooqoooqoooqoo 

oooooooooociooooooooooooooooooooooo 


ooocoTi■t^TJ•voo^c<^oc^^oo'^a^o^»DO^c<^Ocoooococs^^^n^;3;;^^;';^OJO 

fn'^Tf-^^w^u^*ovoi>*c^'soc^voi^c^t^oooooooot^oooooooooooooo^oooog\oo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooodoooooooddoooocSoooooooooo 


ONOOr-HCNu^aNfSt^csr-aN’^oc^coot^vo  co|aN|cs|^|co 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ddddddddddddddddddddddddddddoooooo 


ow^o»no»no*oo»oow^oioo*nov50»npino*oo^ojoojno;nojn 

cScSrKcOTj‘Ti-»n*nvovDr^t^oooocNO\00^^<N(NcocOTtrfjojo'p^^^oooo 


EG&G  RADOMA  SPECTRARADIOMETER  ■  ARMSTRONG  LAB  (HECV) 
I  |SAMPLE4  I  I 


.  e«  ooooo^oooa^o^o^oooo^oooooo^-^^c^oor-oor-'r^^D'ooo^^ooo^vo 
o.cooooooooo^ooooooo^a^o^oooooooooooooooooooooooooooooooooooooo 
^gdddodddddddddoodddddcSddddddddd 


'^0»0’-Hvocsrnoo^ONVoocsocsaNvor-»r)csmc>ivoo'^^csa\»r)Tti-«\o 
.  c«  o^cJ^o^o^o^o^c^o^o^o^o^oo^oooo^^oooo^o^o^ooo^ooo^o^o^o^ooo^ 

CXCOOOOOOOOOOOOOOOOOOOOOOO\OOX)OOOOOOOnOOOOOOOOOOOOOOOOOOOOOOOO 

^Sdddddddddddddddddddddddddddddd 


coooc^t^vo^^vomo*nTj-aN^Oco*ooofoo\Of^c^voc^r^t^csvoa\r^ 
.  w  o^o^ooooo^o^ooooo^ooooooo^ooooooc^ooooa^oo^^r^vot^ooooo^r^oo 

O^COOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOq 

^  2  oddddddddodddddoodoooddddddood 


o^ot^oo^oocnoocnv^^vofn'^Tt^oa^'^ooo^^^u^a^TJ■oO'^ovo^-’^»o 
.  M  Ooooc500^ooooo^ooooooo^oooooo^^^^t^ooooooooooooooooooc^ooo^a^ 
O.  C  oooooooooooooooooooooooooooooooooooooooooooooooooooooqoqoqoo 

^  2  dddddddddddddddddddddddddddddd 


^OOvovooocScr>t^^'Ooor^ON«oasv^t^v->cnsO»“<TfTt’ONOOoot^vooooNr<l 
.  aa  avoooooooNONONONOooooooooor^oot^t^oooooooocxJt^c^r^r^oooooNON 
p.soooooooooooooooooooooooooooooooooooooooooooooooooooqoqoqoqoo 

3  2  dddddddddddddddddddddddddddddd 


^oo»oov*iO*nov^ow-iO*oo»oomo*no*oo*no*no»now^o»n 
feftSc^ONOOi-i^cscacncoTi-Ti-m^nvovot^r^oooooNONOO^^cNc^fncn 
c2c^5^000000000000  00  00  00  00  00  00C30  00  00  00  00  00  00  00  0\0\aNO\0\ONa\a\ 
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940 _ 0.870  0.903 _ 0.893  0.907 _ 0.898 

945  _ 0.875 _ 0.895 _ 0.899 _ 0.895 _ 0.894 

950  0.894  0.890  0.882  0.896  0.845 


.  M  5— 'CSc^cscscNcsmcncncnmcncncncscScvicscS^^^c^^cSj^^^^^oJ^^ 

Cl  C  OOOOMOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

^goodddddddoodddododdoddoddooooooooo 


csoooooooooooooooooooooooooooooooooooooooocx^oooooooooooooooooooooooooo 

2oooooooooooooooooooooc5oooooooooooo 


W5 _ 

^  m 

2 

K  pj  05 


coo^oooooooooooooooooooooooooqoooooooooooociooooooooooooooooooooqoooo 

2  o  o  oooooooooooooooooqqqqqqqqqooq^^^ 


I 

H  ^ 

o  ^ 

% 

05 

H 

g 

On  a. 

cc  o 

o  ^ 


rtt^o\Or>icn'^vn»ri*n'Ovov^>/^^coc^’— 'OOoooocsoovO'^m'^inoo^^^^ 
Coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
Sooooooooooooooocioooooooooooooooooo 


cf^  ro  Q\  C3\  oJ  CO  Tt*  CO  CO  CS  OJ  ^5  0^  Os  f*^  CO  cO  CO  so  OS  OJ  SO 

e«cSc<icsics<Mcorocofococococococococor^<Ncso3csc^csc^^c^^^^^^^^ 
Coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 
2oooooooooodooooc5odooooooc>ooooooooo 


Ow^o»riO<oo»now^owoo»nowoo»op^p^p^pjnOjnojnpjqo^ 

inmsosoi>t^ooooaNasOO^^csc4cocoT}-Ttuo«ovosor^r^oo<»qsospp^^ 

TtTfn-Tt’^Ti-Tf'^'^^wowovs^v^*^wnmmuouosn»rj4nuouow^»o»ou^sosososo 


88 


89 


775  _ 0.887  0,887 _ 0.885 _ 0.885  0.884 

780 _ 0.886 _ 0.888 _ 0.887 _ 0.886  0.884 

785  0.887  0.888  0.887  0.885  0-883 


_ CARY  5G  SPECTRAPHOTOMCTER  •  BROOKS.  AFB  (AL/OEO) _ 

_  I  [sample  4  I 

wavelength _ Rep.  1 _ Rep.  2 _ Rep.  3 _ Rep.  4 _ Rep.  5 

_ (nm) _ (trans.) _ (trans.) _ (trans.) _ (trans.) _ (trans.) 

790  0887]  0.8891  0.886 1  0.884]  .  0.885 


oooooooooooooooooooooooooor^r^r^ooooooooooc^r^c^oooooo 
00  00  00cx5  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  0q  00  00  00  0q 
ooooooooooooooooooooooooooo 


mt^vovooot^r^oovoa\r^vo^ooi-iooa\r)»n^rOQr^in^ooo 

oooooooooooooooooooooooooor^r^r*^r^oooooooooor^i>*oooooo 

oooooooooooooooooooooooooowoo^^oooqoqoooqoooqoooqoo 

oooooooc5ooooooooooooooooooo 


t^r^r^vooNC^voo\oot^ooc^ooio»— 

ooooooooooooooooooooooooooc^t^^ooooooooooooot^^oo^^ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooo 

ooooooooooooooooooooooooooo 


ooooasooo^oa\c50o\t^aso*^'^cn^^^^»Q^o^^^atO 
ooooooooo^o^a^ooooooooooo^oor^^-oooooooooooor^t^^oo^ 
oooooooooooooooooooooooooooooooooooooooqoooooooooooooo 
0*000  0  0000000000000000000000 


c^ONOoooi>oor^oinoo\ooovocooNjo^^^r^|0£^at^^ooaN 
00  00  00  00  00  00  00c^00  00  00  00  00c^^*'t^000000000000^*'^^00  00  00 
oooqoqooooooooaDooooooc300ooooooooooqooc30oooooooooooooq 
00000000C)0000000000000  0*0000 


ioou-)0*oo*noino«nomojr>pinojno*nO|ngjoO}n 
t^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOONONONCsOsON 
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930 _ 0.890 _ 0.890  0.889 _ 0.887 _ 0.888 

935 _ 0.890  0.890 _ 0.890  0.888 _ 0.888 

940  _ 0.891 _ 0.891 _ 0.889 _ 0.888 _ 0.888 

945 _ 0.891 _ 0.892  0.890 _ 0.889 _ 0.888 

950  0.891  0.890  0.890  0.888  0.888 


ooocnTtvor^ooc\Or-<^^i-^oaNONr^voKnTf'^com<NcN^ooc<j»nc5o 

O’— 'r-Hr— iT-HT-Hf-HT-HCSC^C^CSCMCSl— li— ti— ti— 

OOOOOOOOOOOOC30  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00 

ddddddddddddddddddddddddddddddd 


0^ooocSTj‘*n\or^ooooaNaNoooot^vo»nmcs^’-H^oooNooc^r^a\<s»o 

icsrsir<ics«scN<scscsoirvi<scscscs<sc^oJc^cScscNr-Ht-tT-H^^csr'i 

Coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

gddddddddddddddddddddddddddddddd 


cnO'^c^aNO<Scnininvor^r^t^r^vo»n'^mr<Joa\ONaNcy\oor^vo»r>voc^Ocn 
O.Coooooqoqoooooqoooooooooooqoooqoqoooooooooooooooqoooooqoqoooooo 
^  ^5  ^5 

'  H  *  w 

si 


ooo(N'^voc^o\ONOO’“<^ooa\oovcm'’^comcncs^’-*asONaNT-jTfc^ 

^cNcscN»<S(Ncs<scornc<^cnfncncscscsc<i<scsc^cscscscS’-'t-<t-<c^csc^ 

OOOOOOOOC50  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00 

odddddddddddddddddddddddddddddd 


.  cfl  h-H  r<ir'icscacsc<ic^(^coc<^fncococncscscscscNCScscscsra<Nf-Hcscscscsj 
Qj  C  00  oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 


^  2  c5  dddocSdddddoddddddddddddddddddd 


o^no»nov^o<ootriO»ootno»no^o»oow^ovno»oou^o»no 

^ov^^^o^^t^ooooc^o^oOr-^^(NcscnmTt■’^^ou^vosot^t^ooooo^o^o 
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605 _ 0.831 _ 0.830  0,826  0.828 _ 0.822 

610 _ 0.833 _ 0.833 _ 0.829  0.831 _ 0.824 

615 _ 0.835 _ 0.834 _ 0.831 _ 0.833  0.826 


PERKIN  ELMER  LAMBDA  9  ■  BROOKS,  AFB  (AL/OEO) 
I  lSAMPLE4  I 


^^^ooooooSSoooooqoooooqoqoqoqoooqoocjooooooqoqoqoooooooocjooooqoq 

oooooooooooooc5oooooooooooooooooooo 


Tt^cO'^»nr^0^ow^Ocor^O\»-<fn*/^'0'Ot^r^oooNOOOOO»--<c^cnc^<ncScncn 
.  M  fncrirocnTt'*Tf»ninvovovo'OC^r^i>r^r^f^r^r^t^oooooooooooooooooooooooooo 
Q.  C  oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

^gddoddddddddddddddddddddddddodddddd 


u-> 

. 

(A 

a 

G 

o 

P 

H 

csmmv^Q^'^o^'^ooc^l^n^^o^T-Hcn'^u^^^>*o^^ooooo^o^ooooo^^’— '»~'cscs 
S^cncn(^S5^^Jn^vdt&i>t^t^i>r^t-‘r-c^i^r-c^r^oooooooooooooooooo 
oooooooooooooooooooooooooooqoooooqoqoqoooooooqoqoooqoooooooqoqoooqoo 
oooooooooooooooooooooooooooooooooo 


rnfnS^co^^KS^3^0vot==*t^c^c^t^t^r^t^oooooooooooooooooooooooooooooo 
oooooqoqSSoooooooooooooooqoqoqoooqoqoooqoooooqoooooooocxjoooooqoqoq 
0000000000  0  0000  0*0000  0  0000000  0  00000 


vo^o^'0^cnc^cooocs^oo^^Tt^^>c^ooo^oo^^cscnc<^c^coc'l^'nv^vo^ovo^o^o 
cnmcncn'^'^vr>v^vovovor^i>r^t^r^r^oor^oooooooooooooooooooooooooooooo 
ooooooooS^oooooooooooqoooqoooqoooqoooqoooooqoooooqoooooooqoooooooo 
oo‘oooooooooc5oooo*oooo’oooo‘oooooooooo* 


llll§ 


u^ou^ou^o«nov^ow^ov^O»no<no*r>0»r>ou^ov^ov^ov^O*/^ov^ 
c^focn'^Tj-»n<nvovot^t^oooooNa\oo^^cNC4cnco'^Tfin»ovovor^^oooo 

vovovovovovo'ovovovovovovovo'or^t^t^c^r^r^c^t^c^r^r^r^t^t^c^r^r^t^ 
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-  BROOKS,  AFB  (AL/OEO) 
ISAMPLE4  T 


ir>oooooooooa\a\aNOcscnvoaN^aNOoovoo\cnr^so»n^i— (ONcnoo^cscs 
.  c«  c^r^r^r^t^r«.r^oooooooooooNOOooooo^’-f^^»-<^o^^cscscs 
O.  c  oooooooooooooooooooooooooooooooooooooooooooocsooooooooooooooo 

^gdddddddddddddddddddddddddddddd 


Tfornfn'^»o»o»o»ovo^ooo^<sj'^T-tvovo*ooocn»ovo*nroooocsr^a\’-Hi-H 
.  c«  ooooooooooooooooooooo^a^a^a^ooc^^cncOTj•Tt■^-^T^■TtcO'^^Tt»nm 
Ci.Gooooooooooooooooooooooooooooooooooc3oexDoooooooooooooooocx)oooo 

^gdddddddddddddddddddddddddddddd 


cnocNjC'imfn'^Tj'Tfio'soasOro'^m^ocnocnr^o^ooom'^r^csiovoc^ 
.  at  ooooooooooooooooooooo^o^o^o^ooc^^csc^^c^^fomcnc^^cso4r'^cocncnco 
a.coooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

^ § ddddooddddoooddddddoddddddoddd 


i 


m\ 


vovo^vovot^t^ooooo(S»0'^cS'^^a\r^t^aNOa\r^'^c<ivo^coTt*o 
oooooooooooooooooooNONaNaNONoo'^fn'^TfTi-»nTt’<:frr'^'^u^«n»n«o 
oooooooooooooooooooooooooooooqoqoqoqoqoooooooooooqoooqoooooo 

dddddddddddddddddddddddddddddd 


c^sor^r-r^r^oor^ooa\a\aNO<no»ncN^omv^cn'r-<ooioaNVOoooNOO 

ooooooooooooooooooooooooosoooor^r^r^oooooooooor^t^r^oooooooo 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

dddddddddddddddddddddddddddddd 


»oo*no*oo»no»no*noioo»no»r>ov-i0»nov^o»r)0v^ov^ 

a\oo^^c^^cscocn'^T^•»n»ovo^o^^t^ooooo^o^oo^^c^^cNfoco 

^^OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO^O^O^O^a^0^a^O^ 
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940  _ 0,889 _ 0.856 _ 0,838 _ 0,852  0,823 

945 _ 0.890  0.856 _ 0,838 _ 0.852  0,823 

950  0.890  0.856  0.838  0.852  0.824 


csrvir<i(NcnmcncnfncncncnfncncocDfncsr4co<Ncscscsr'Jcs^^oic^^cnroro 

SSSoooqoqoooooooooooooooooooooooqoooqoooooooooqoooqoqoooooooooqoo 

oooooooooooooooooooooooooooooooooo 


r^cn'7h'OoooNroc^r^<N<sc^c^<s»^coaNr^vov^'^'0’^'^cn^rHT-Hcntno:\^^^ 

So4^<Nc^csoocncorocncomcncnoocNcNcscsc^c^c^^^c^c^c2js^^c^j^<^ 

^WOOOOOOOO^OOOOOOOOOOOOOOOOqOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

^doodo  dddddddd  dddddddddddddooooo 


OOOOOOOOOOOOOOqOOOOOOOOOOOOqOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ddddddddddddd  ddddddddddddddooooo 


1— i^fNjrsir'ifMc^oJr^cSc^c^c^c^c^cSc^cSolc^c^c^c^cS^^T-H^oocScScScoco 
oooooooooooooooooooooooooooooooqoooooooooooooooooooooooo^oooooooooo 

ddddddddddddddddddddddddoooo  ooooo 


OOOOOOOOOOqOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

ddddd^ddddddddddddddddd dddddddd 


o»oo»oo»no»noioo»now-)0*no*no^pjno^ov}Ojno»oojnojn 
mm'ovor^c^oooooNONOO’— '’—'(NCNcncn'^'^v^v^^voof^QOoo^ji^pp^^ 
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775  _ 0.889  0.885 _ 0.887 _ 0.887 _ 0.889 

780  _ 0.889  0.885 _ 0.887 _ 0.887 _ 0.889 

785  0.89  0.885  0.887 _ 0.888  0.889 
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930 _ 0.895 _ 0.888 _ 0.893 _ 0.892 _ 0.894 

935 _ 0.896  0,889 _ 0.893  0.893 _ 0,895 

940  _ 0.896 _ 0.889 _ 0.893  0.893 _ 0.895 

945  _ 0.896 _ 0.889 _ 0.893 _ 0.893 _ 0.895 

950 _ 0.896 _ 0^ _ 0.893 _  0.893  0.895 


OPTRONICS  MODEL  736  RADIOMETER  -  TEXSTAR,  INC. 
I  |SAMPLE4  I 


c^^o^cnfncnm^»n^n^'^cnT^T^T^•cncocncocncncncncncncocncncocn'^ 

cjooooooooooooooooooooooooooooooooooooooooooooooqoqoooqoqoqoooo 

dddoodddddddddddoddoddodddddodo 


i*ooooocs<^cnT-H^aNONONr^'0'^T-'^c\OONO\oo^o*rj(Nf^'Oooc^ 
^cScnmm<SrnmcncncncscscS<NcscscMr4^cv|»-Hr-H^r^^^^3^^oi 
oooooooooooooooooooooooooooooooooooooooooooooooooqoooqoqoooooo 

ddddddddddddddddddddddddddddddd 


oooooooooooooooooooooooooooooooqoqoqoooooooooqoqoooqoooooooqoo 

odddddddddddddddddddddddddddddd 


<N^o^vOTi-rj-cnco<NTtsDTj-'«^Ti-^oor-*cn^O'^oqo\ONVovqcn'^^^c^ 
oooooocx)oooooooooooooqoooqoooqoqoqoooqoooooqoqoqoooooqoqoqoooo 

dddddddddddddddddddddddddddddoo 


TtiNc^vo^’-'cncscsmoococs^aNCS^or'ii^^rsiocs^nvo^o^cooc^ 
"^<o»ovo»n»r>vooovovovovovovo*riVOvovoNO»ov^»nvov^^'^'^’^rr>in«n 
oooooooooooooooooooooooooooooooooooooooooooqoooooqoooooooqoooo 

ddddddddddddddddddddddddddddddd 


o»no^oino»now^o»nov^o»nov^ou^ou^otno<oo»oo^o 
intriso^ot^t^ooooo\a\OO^^cscscncoTfTtio»ovovor^t^ooooaNONO 
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605 _ 0.862  0.834  0.843 _ 0.825 _ 0.844 

610 _ 0.846 _ 0.836 _ 0.844  0.827  0.845 

615  0.853  0.839  0.848  0.830  0.850 


^ow^v^•o^'0'0^>•c^ooooooo^o^o^o^o^^o^^o\o^o^2i2^2i^^^2i^^S^S^ 

ooooooooooooSoooooooooooooooooooooooqoqoqoqoqoqoooqoqoooooooqoqoooo 

oddddoodddddodddddodddddddoooooooo 


rO'^iooo^'^OVD^^oON^coirjoooNO  ^|^lm|^o|ro|sol»o 
S^^?^c^'^4in»nvovovot^r--t^t^r^ooooooooooooooooooooooooooooooooooaN 
00  00  00  00  00  00  00  00  Oooooooooooooooooooooooooooooooooooooooooooooooooooo 

dddddddddddddddddddddddddddddooooo 


^yJ^^^^>^v^^2l^^'^^c^^^c^ooooooooooooooooo^o^ooo^a^o;^o^g^a^o^o^a^ 

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo 

dddddddddddddddddddddddddddooooooo 


m 

OO  00  OO  00 

d  d  d  d 


'0^r-^^o^ooooa\c^ooa^o^o^o^oooo^oooa^oooOT;;Hr^o 

ooooooooooooooooooooooooooooonononooo\o^o>ooo\0^onO\0\0\o^ 

ddddddddddddddddddddddddooooo 


cscSfoco'^'^v^^'^'Oc^t^ooooo^o^oOr-l^csc^lc^cn';^'I^JOv}^)^^^^o® 


vor^ONa\r^r^oooooooooomcNoo<r)<soocS'OsocnaN'^^^vooNOO 
o^a^a^o^a^o^a^o\oa^oo^a^o^ooooooooo^o^o^o^ooooooo^a^o^oo 
ooooooooooooooooo>ooaNOOoooooooooooooooooooooooooocx3oooooNa\ 

ddddddoddddddddddddddddddddddd 


oooNaNONO\a\o\a\0\ooo\ONOooooot^r^r^oooooooor^r^r^oooooooooo 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOOQOOOOOOOOOOOOOOqoq 

dddddddddddddddddddddddddddddd 


oo»--'c^^^o^c^^oa^oo^^omo^cn^<^c^o^'^;J’lo»-♦r^a^ooocS'^^^^^ 
oooooooooo^oa\a^o^ooooooooa^a^a\o^oot^ooooa^o^a^a^ 
ONCsa\aNONONONO\ONOoasoooooooooqoooqoooooqoqoooqoooqoooooooo 

dddddddddddddddddddddddddddddd 


u^r^\o^r^vooosovofncrir4^ooTtt^vocnoocMc^oocsoo^'^0'^»nu^ 

o^o^o^o^o^o^o^o^o^o^a^a^o^oooor^r^oocx5a^a^oooot^ooooa^o^o^a^ 

OOOOOOOOOOOOOOOOOOCX3000000CX3  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00  00 

dddddddddddddddddddddddddddddd 


^vomr^O^csmmt^csr'ic^cviasr^cs^oom'^c^^cxjvovooN^cso 
^ooo»-<i-<^oooooooasONONONO\ooo^asaNO^^r^co 
a^o^a^o^o^a^o^a\a^o^o^o^o^o^ooooooooooa^o^o^o^oooqo^o^a^o^a^ 
dddddddddddddddddddddddddddddd 


ow^o»no»oo^no»now^o»oo»riotoov^o»no^no»oo»no*o 
o^o^oo^^c^^cNcncoTj■Tl•^n^^>vovor^r^ooooo^o^oo^^<Nc^^cnco 
^^t^ooooooooooooooooooooooooooooooooooooooooa^a^a^o^o^a^o^o^ 
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940  _ 0.931 _ 0.894  0.894 _ 0.888 _ 0.899 

945 _ 0.920  0.896  0.897 _ 0.891 _ 0.902 

950  a922  0.897  0.899  0.892  0.903 


QOOOO^^’— 1t-Ht— <1— ti— tt-Hr-Hi— (i-W^-Hr-Hr- lOOOOO’»-^’^’^CvlCNCN 

oooooooooooooooooooooooooqoooqoqoooooqoqoooqoqoqoqoooooqoqoqoqoqoooq 
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775 _ 0.877  0.879  0.877 _ 0.878 _ 0.878 

780 _ 0.878 _ 0.880 _ 0.877  0.877 _ 0.878 

785  0.879  0.880  0.879  0.879  0.880 
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930 _ 0.879  0.885 _ 0.880 _ 0.881 _ 0.881 

935 _ 0.888 _ 0.893  0.893 _ 0.883 _ 0.883 

940 _ 0.890  0.893 _ 0.889 _ 0.881  0.883 

945 _ 0.877  0.888 _ 0.882 _ 0.881 _ 0.883 

950 _ 0.888 _ 0.895  a893 _  0.885  0.884 


